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THE Art of Mic HANICS FO the firſt tbet'n men bad ao 6 

make uſe of, it is reaſonable to ſuppoſe that it took its begin- 
ning with man, and was fludied in the earlieſt ages of the world; 
for no ſooner did mankind begin 10 people the earth, than they want 
ed houſes to dwell in, cloaths to wear, and utenſils to till the ground, 
10 get them bread, with other neceſſaries of li ife and being thus de. 
fitute of proper habitations and other conveniences of living, their 
wants muſt immediately put them upon the fludy of mechanics, At 
their firſt ſetting out, they would be content with very little theory, 
endeavouring io get that more by experience than reaſoning : and bee 
ing unacquainied with numbers, or any fort of cateulation, and bau- 

neither rule nor campaſs to work by, nor injtruments to work 


with, but ſuch as they muſt invent firſt of all, nor any methods of 


working ; with all theſe diſadvantages, we may judge what fort of 
work they were likely to make. All their contrivances muſt be mere 
gueſſing, and they could but ill execute what they had ſo badly con- 
ved, and muſt be continually mending i beir work by repeated trials, 
till they got it into ſuch a form as to — a /bift to ſerve for the uſe 
deſigned. And this is the firſt and loweſt flate of mechanics, which 
was enough to give a beginning to it; and in this ſlate it doubtleſs 
remained for a long time without mach improvement ; but, at length, 


as men found more leiſure aud opportunity, aud gained more experi- 
ence, manual aris began to take their riſe, and by degrees to make 


fome progreſs in the world. 


But we meet with no conſiderable inventions in he at N 


way for a long ſeries ages; or if there had been any, the accounts 
of by are now loſt, through the length of time; for we have no- 
thing upon record for two or three thouſand years forward : but 
afterwards we find an account of ſeveral machines that were in uſe ; 
for we read in Geneſis, that Hips were as old, even on the Medi- 
terranean, as the days of Jacob. We likewt iſe read that the Phi- 


liſtines brought 30 1bouſand chariots into the field againſt Saul ; % 


that chariots were in uſe 1070 years before Chriſt ; peg about the 
Jame time 8 was brought into Europe. And 1030 years 
| ' before 


- 
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before Chriſt, Ammon built long and tall ſoips with fails, on the Red 
Sea and the Mediterranean. And about go years after, the ſhip 
Argo was buil! ; which was the firfl Greek veſſe! that ventured to 
paſs through the ſea, by help of fails, without ſight of land, being 
guided only by the flars. Dædalus al/o, who lived 980 years be- 
fore Chrift, made ſails for ſhips, and invented ſeveral ſorts of tools 
for carpenters and joiners to work with; he alſo made ſeveral mov- 
ing alues, which could walk or run of themſelves. And about 800 
years before Chriſt, we find in 2 Chron. xv. that Uzziah made in 
Jeruſalem, engines invented by cunning men, to be on the lowers 
and upon the bulwarks, to ſhoot arrows and great flones withal, 
Corn-mills were early invented; for we read in Deuteronomy, that 
it was not lawful for any man to take the nether or the upper mill- 
None to pledge; yel water was not applied to mills before the year 
of Chriſt 600, nor wind-mills uſed before the year 1200. Lite- 
wiſe, 580 years before Chriſt, we read in Jeremiah xviii. of the 
pol ſer's wheel. Architas was the firſt hat applird mathematics to 
mechanics, but lefi no mechanical writings behind bim; he made a 
wooden pigeon that could fly about. Archimedes, who lived about 
200 years before Chi, was a miſt ſubile geometer and mechanic. 
He made engines that drew up the ſhips of Marcellus at the ſiege of 
Syracuſe, and otbers that would caſt a ſtone of a prodigious weight 
to a great diſtance, or elſe ſeveral leſſer ſlones, as alſo darts and ar- 
rows ; but there bave been many fabulous reports concerning theſe 
engines. He alſo made a ſphere which ſhowed the motions of the 
fun, moon, and planets. And Poſidonius afterwards made another 
which ſhewed the ſame thing. In theſe days the liberal aris flou- 
riſhed, and learning met with proper encouragement ; but afterwards 
they became neglefed for a long time. Ariſtotle, who lived about 290 
years before Chriſt, was one of the firſt that torote any methodical diſ- 
courſe of mechanics ; but at this time the art was contained in a 
very little compaſs, there being ſcarce any thing more known about 
it, than the 6 mechanical: prwers. In this ſlate it continued 1111 the 
16th century, and then clock-work was invenied, and about 1650 
doe re the firſt clocks made. At this time ſeverat of the moſt eminent 


_ mathemalicians began to conſider mechanics ; and, by their ſtudy and 


maduſtry, have prodigioufly enlarged its bounds, and made it a moſt 
comprebenſive ſcience ; it extends through heaven and earib; the 
whole univerſe, and every part of it is its ſubject. Not one particle 
of matter but what comes under its laws. For what elje is there 
in ibe viſible world, lui matter and motion ? and the properties and 
Hectious of both theſ- are the ſubjett of mechanics. | 

©. Tothe'art of mechanics is owing all ſorts of inſlruments to "_ 
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b, all engines of war, ſhips, bridges, mills,” curious roofs and 

. arches, ſtately theatres, columns, pendent galleries, and all other 
- grand works in building. Alſo clocks, watches, jacks, chariots,carts 
and carriages, and even the wheel-barrow. Archilecture, naviga- 

| tion, OT and military affairs, owe their invention and uſe 10 
this art. And whatever hath artificial motion by air, waler, wind, 
or cords ; as all manner of muſical inſtruments,” water-works, Se. 

- This is a ſcience of ſuch importance, that vil bout it we could hardly 
eat our bread, or lie dry in our beds. 

By mechanics we come to underſtand the motions of the parts of an 
animal body ; the uſe of the nerves, muſcles, bones, joints and ve / 
ſels. All which have been made fo plain, as proves an animal body 
to be. nothing but a mechanical engine. But this part of mechanics, 
called anatomy, is a ſubjet? of itſelf. Upon mechanics are alſo found- 
ed the mol ions of all the celeſtial bodies, their periods, times, and re- 
 volutions. Without mechanics, a general cannot go to war, nor be- 
Lege a town, or fartify a place. And the meaneſt artificer muſt work 
mechanically, or not work at all. So that all perſons whatever are 
indebled to this art, from the king. down to the cobler. 

Upon mechanics is alſo founded the Newtonian, or only true Phi- 
lofophy in the world. For all the diſiculty of philofophy conſiſts in 
Ibis: from ſome of the principal phænomena of motions io inveſtigate 
the forces of nature. And then from theſe forces lo demonſlrate.the 
other phenomena ; all which is lo be done upon mechanical prinetples. 
Thus from the diſtances and revolutions of the heavenly bodies, the 
forces of gravily are derived; and from theſe forces thus known, are 
deduced the motions of the planets, comets, the moon, and the ſea; as 
well as the motions of bodies upon the ſurface of the earth... 'The/e 
relate to the wiſible bodies of the univerſe. But there are alſo cer- 
. tain forces belonging lo the ſmall particles of matter, which we are 
fill ignorant of ; by which they are either impelled towards Ine ano- 
ther, and cobere in regular figures ; or are repelled, and ſo recede from 
each other. For the particles of different ſoris of bodies have dif- 
Jerent laws ; ſince the ſmall particles of fame bodies attract one ano- 
ther, whil}t thoſe of ether ſorts repel each other ; and that by forces 
almaf infinitely various. Upon theſe forres the cobeſi Gon, Rid, and 
fluidity of bodies depend. The nature of elaſticity, electricity, and 
magnetiſm. Upon theſe alſo depend the principles of fermentation, 
. putrefattion, generation, vegetation, and di i[Jalution of bodies; di- 
geſtion. and ſecretion in animal bodies; the motian of the blood and 
fluids in animals, and the moving of the members by the command of 
the will; the exciting ſenſations in ibe mind; the emiſſion, reflec- 
lion, refrattion, and inflection of light; freezing by cold, burning 


by: 
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by fire ; all operations in chemiſtry, Sc. I, tbeſe forces could be 


of Found out, it would open lo us a new field in the ſcience of mecha- 
nics. But, for want of proper experiments, theſe forces among the 


inviſible and imperceptible particles of matter are utterly unknown, 
and exceeding difficult to be diſcovered, and therefore make no part of 


the enſuing Treatiſe. Nor ſhall J meddle with aftronomy, as being 


a ſubject of itſelf : nor with experimental philgſophy, auy further 
than concerns mechanics. 

Andalthough architecture has a great dependenceupon mechanics; 
yet there are a great many precarious rules in this art, invented 
purely. for ornament, and the ſake of beauty; which have nothing 10 
do with mechanics. And therefore mechanical beauty (hat is, 
NArength in due proportion) is all that I have any buſineſs to meddle 
with here. | 

It has been ignorantly objected by ſome, that the Newtonian phi- 
loſophy, like all others before it, will grow old and out of date, and 
be ſucceeded by ſome new ſyſtem, which will then be as much cried up 


as this is now. But this objection is very falſely made. Fur never a 


philoſopher before Newton ever took the method that be did. For 
whilſt their ſyſtems are nothing but hypotheſes, conceits, fiftions, con- 
jectures, and romances invented at pleaſure, and without any foun- 
dationin the natureof things ; be, on the contrary, and by himſelf alone, 
ſet out upon a quite different footing. For be admils nothing but 
what he gains from experiments, and accurate obſervations. And 
from this foundation, whatever is further advanced, is deduced by 
trick mathematical reaſoning. And where this thread does not 
carry him he ſtops, and proceeds no further, not pretending to be 
wiſe above whal is written in nature; being rather content with a 
little true knowledge, than, by aſſuming to know every thing, run the 
hazard of error. Contrary to all this, theſe ſcheming philoſophers, 
being men of ſtrong imaginations and weak judgments, will run on 
ad infinitum, and build one fiction upon another, till their Babel tbus 
erefied, proves to be nothing but a heap of endleſs confuſion and con- 
tradition. And then it is no wonder, if the whole airy fabrick 
tumbles down and ſinks inio ruin. And yet it ſeems, ſuch romantic 


Syſtems of philoſophy will pleaſe ſome people, as well as the ſtricteſt 
 - truth, or moſt regular ſyſtem ; as if pbileſopby, like religion, was 


to depend on the faſhion of the country, or on the fancies and caprice 
of weak people. But ſurely this is nothing but rambling in the dark, 
and ſaying that the nature of things depends upon no ſteady princi- 
ples at all. But in truth, the buſineſs of true philoſophy is to de- 
rive the nature of things from cauſes truly exiſtent : and to enquire 
after thoſe laws en which the Creator choſe to found the world ; 

not 
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not thoſe' by which be might have done the ſame, had be ſo pleaſad. 


Ht is reaſonable to ſuppoſe that from ſeveral cauſes, ſomething differ 


ing from each other, the ſame effect may ariſe. But the true cauſe 
will always be that from which it truly and act᷑ually does ariſe ;- the 
otbers have no place in true philoſophy. And this can be known no 
way, but by obſervations and experiments. Hence it evidently fol- 
lows, that the Newtonian philoſophy, being thus built upon this 
folid foundation, muſt ſtand firm and unſhaken: and being once proved 
40 be true, it muſt eternally remain true, until the utter ſubverſion 
of all the laws of nature. It is therefore a mere joke to talk of a 
new philoſophy. The foundation is now firmly laid : the Newtonian 
philoſophy may indeed be improved, and further advanced; but it 
can never be overthrown : notwithſtanding the efforts of all the 
Bernoulli's, the Leibnitz's, the Green's, the Berkeley's, the Hut- 
chinſon's, Sc. And even the French themſelves bave at laſt 
adopted it, and given up the Carteſian ſcheme. 

Practical mechanics might be very much improved, if the ſecrets 
of all trades were to lie open, and the ſeveral machines uſed in each 
trade duly explained. And experimental pholoſophy would be there- 
by much improved, as well as the trades themſelves. And one trade 
might borrow manygreat helps, in working, from anotber trade, It 
is not my deſign to treat at all on the loweſt part of mechanics, which 
concerns manual arls, or working by hand, For there is no theory re- 
quired bere, but only a babit of working, to be acquired by frequent 
practice. | 

J have, in the following book confined myſelf entirely to the ma- 
thematical part, and what depends on it, and is deduced from il. 
And therefore ] have firſt of all laid down and demonſtrated the ge- 
neral laws of motion, as a foundation for all the reſt. Then follow 
the latos of gravity, the deſcent of bodies, and motion of projectiles 
in free ſpace ; the mechanical powers : the deſcent of bodies upon in- 
clined planes ; the vibration of pendulums ; center of gravity, and 
others ; the preſſure, ſtrengtb, and ſtreſs, of beams of timber; then 
you have the principles of bydroſtatics, bydraulics, and pneumatics ; 


the reſiſtance of fluids; the powers of engines, and the deſcription of 


machines. In each of theſe, I have delivered all the fundamental 


principles both in theory and practice. And to make it more univer- ' 


ſally uſeful, I have demonſtrated every thing geometrically; or at 

moſt, by the help only of the loweſt and eaſieſt rules of algebra, for 

the ſake of brevity ; avoiding all operations by fluxions : ſo that the 

— need not be ſcared with the thoughts of any difficulty of that 
ind. | | 


Concerning the machines, I have given an account of their firuc- 


42 lu xc, 
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ture, as far as is neceſſary io explain their motions and effects; omit- 
jc. us deſcription of their minuter parts, not ſo neceſſary for this 
end, and which are caſily underſtood of themſelves. TI hope the rea- 
der will pardon my inſerling among the reſt, ſome machines that may 
ſeem trifling, put in here and there to fill up the vacant places in the 
ebenes. Tet even in theſe, there is ſomething curious in their truce 
ture or motion, that may be worth obſerving. 1 mizht have given 
tbe cuts of many more machines ; but perhaps what 1 have already 
done, may be thought too much, in ſuch a nation as this, where na- 
tural knowledge wants due encouragement, and where no Mæcenas 
appears to patronize and protect it and where arls and ſciences 
hang, as it were, in ſuſpenſe, whether they ſhall land or fall; and 
where public ſpirit and Engliſh genery/ity are juſt expiring. This 
decline of arts and ſciences is wholly, or in a great meaſure owing 
to the ambition, and moſt extreme avarice of the preſent age; where 
men, not being able to lift their eyes above this earth, think nothing 
worth their care, but raking together the drofs it affords ; ſtriving, 
like the toad, who ſhall die with the moſt earth in his paws, The 
duller part of mankind are entirely engaged in the purſuit of filthy 
lucre; and the brighter ſort are wholly devoted to low, trifling, 
and often barbarous diverſions. In ſuch momentous concerns as 
theſe, it is no wonder if aris and ſciences flag; and natural know- 
ledge meet! with nothing but contempt ; and Minerva give place to 
Plutus. And indeed, if the general temper and diſpoſition of men 
had been the ſame in all ages, as it is in this ; I am in doubt whether 
we had ever had any ſuch thing as a mill to grind us corn for bread, 
or a pump to draw us water. I! is a trifling excuſe for men of ex- 
alled ſtation, to urge, that they are unacquainted with ſuch arts or 
fſeiences. For learning has always been eſteemed to be under the pe- 
culiar care and ſuperintendency of the great; who ought to protect 
and encourage both that, and the profeſſors of it ; or elſe arts and 
Seiences can never flouriſh. And as the encouragement of theſe evi- 
dently tends to the benefit of mankind, and the promoting of the pub- 
lic good ; nothing can excuſe ſo groſs a neglef, or ſuch a manifeſt 
diſregard, as they ſhew, for the happineſs of their fellow creatures. 
The induſtrious ſtudents only, have the fatigue ; whilſt all the world 
reaps the advantages of their labours : 


Scire volunt omnes, mercedem ſolvere nemo. Juvex. 


It is reported of Alexander, that he allowed 800 talents a year 
10 Ariſtotle, to defray the expences of procuring all forts of living 
creatures; ſo that by bis own particular experience, he might be 
- enabled 


enabled to write of the nature and properties of them. And the 


reaſon why the world hath now ſo few Ariſtotles, is becauſe there 
are no Alexanders. | 


But as to the fate of this book, it is indifferent lo me what re- | 
ception it ſhall meet with in the world. Not that I am in the leaſt 


diffident of the principles bere delivered; for I know they will ſtand 
the ftirifteſt examination. Nor would I be thought careleſs concern- 
ing the advantage, which my few readers may receive from it : for, 
on the contrary, I have done all I could to inſtruct them, and lead 
them regularly through this noble and uſeful ſcience. But in a mer- 
cenary age, where there ts ſo little encouragement for works of this 
nature, I am under no concern what judgment may be paſſed upon it, 
by the ignorant multitude. Tet T ſincerely wiſh, that my more in- 
genuous readers may find what they expect bere; and am in hopes, 
that they will meet with no difficulties, but what they will eaſily ſur- 
mount. To effett which, I have made every thing in this book, as 
Full and clear, as my own abilities, and the nature of the thing would 
permit me. 


W. EMERSON. 


Pe. S. The kind reception the former editions of this book bave 
met with from the public, has induced me to reviſe and correct i ; 
and lo make ſuch further additions thereto, as I thought neceſſary for 
compleating ſo uſeful a ſcience. Accordingly I bade made ſuch aller- 
ations and additions in this edition, as ſeemed abſolutely neceſſary for 
the benefit of my readers. 

I cannot find that I have omitted any thing material, in this 
Treatiſe, pertinent Io my ſiebject. And as my profeſſed deſign was 
to write a book of principles, no bedy of common ſenſe would ex- 
peat that I ſhould go contrary to that deſign, and ſiuff my book with 
calculations of difficult problems, fit only for books of Algebra and 


Fluxions, and not at all proper for an elementary Treatiſe. If I + 


had done this, I had not only deſerted my ſubject, and all good method ; 
but alſo impoſed upon my readers, by ſwelling the book, and making 
them pay dear for ſuperfluities ; and that to pleaſe a few trifling 
critics, who know no better. Theſe ſorts of animals live by detrac- 
tion, and are always ſnarling at what they do not underſtand, and 
cannot mend. ; 

If anyſuch ſet of critics, aſſuming the privilege of being dictators 
to the public, and cenſors of other men's wrilings, ſhould ſtart up, 
and cry down my book, becauſe not written after their crude notions, 

I would not have my readers be at all ſurpriſed at ibis: for it would 
be 
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| be more furpriſtng, if any thing of value Ponld eſcape without be 


ing degraded and condemned by them, And for my own part, the 
only concern it will give me, will be 10 deſpiſe their dull criticiſms, 
and laugh at their ignorance. 
Men” moveat cimex Pantilius ? aut erucier, quod 
Vellicet abfentem Demetrius? aut quod ineptus 
Fannius Hermogenis lædat Conviva Figelli ? 
Plotius, & Varius, Mæcenas, „ e 
Valgius, — prober h — — Hor. 
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DEFINITIONS. 


1. ECHANICS& is a ſcience which teaches the pro- 
portion of the forces, motions, velocities, and in 
general the actions of bodies upon one another. 
2. Body is the maſs or quantity of matter. If a body yields to 
a ſtroke, and recovers its former figure again, it is called an e/a/- 
tic body: if not, it is inelaſtic. 210 
3. Denſity of a; body is the proportion of the quantity; of 
matter contained in it, to the quantity of matter in another body 
of the ſame bigneſs. Thus the denſity is ſaid to be double or 
triple, when the quantity of matter contained in the fame ſpace 
is double or triple... * d ot nad of 
4. Force is a power exerted on a body to move it. If it act 
but for a moment, it is called the force of percuſſion or impuſſe. 
If it act conſtantly, it is called an accelerative force: If conſtantly 
and equally, it is called a uniform accelerative force. | | 
5. Velocity is an affection. of motion, by which a body paſſes 
over a certain ſpace in a given time. The velocity is ſaid to be 
greater or leſſer, according as the body paſſes over a greater or 
leſſer ſpace in the ſame time.. | | 
6. Motion is a continual and ſucceſſive change of place. If a 
body moves through equal ſpaces in equal times, it is called 
equable motion. If its velocity continually increaſes, it is called 
accelerated motion; if it decreaſes, it is retarded motion. If it in- 
creaſes or decreaſes uniformly, it is equably accelerated or re- 
tarded. Likewiſe if its motion be conſidered in regard to ſome 
other body at reſt, it is called a4/olute motion. But if its motion 


be conſidered with reſpect to other bodies alſo in motion, then it 
Is relative motion. | 


* 
” 


7. Direction of motion is the way the body tends, or the right 
line it moves in. 5 85 on 
; 1 B { = 1 Quan 


DEFINGTIONS: 


$. Quantity of motion, is the motion a body has, both in re- 
gard to its velocity, and quantity of matter. This is called the 
momentum of a body, by ſome mechanical writers. 

9. Vis tmertie, is that innate force of matter by which it reſiſts 
any change, and endeavours to preſerve its preſent ſtate of mo- 
tion or reſt. 

10. Gravity, is that force wherewith a body aden to 45. 
ſcend towards the center of the earth. This is called abſolute 
gravily, when the body tends downwards in free ſpace : and re- 
lative gravity is the force it BW to — with in a 
fluid. 

II. Specific gravity of bodies, is the greater or leſſer weight of 
bodies of the fame magnitude, or the proportion between theſe 
weights. The fpecific gravity is ſaid to be double or triple, 
when the weight of the fame bulk of matter is double or triple. 

12. Center of gravity of a body, is a certain point in it, upon 
which the body being. r 7 Ts it would rſt in any 

ſition. 

EN 3. Center of motion of a body, i is a fixed point about which 
the body is moved. And the exis oro ate” Is. „ ee w 
moves about. 
14. Weight and 801 when oppoſed to one: anather,”fi nify 
the body to be removed, and the body that moves it. 154 
which communicates the motion is called the power ; and or 
n receives it, the weight, 
14 Equilibrium i is when two or more forces. acting againſt one 
another, none of them overcome the others, but _ deſtroy one 
another's effects, and remain at reſt. 
16. A fluid is a body whole parts yield to any inpreſſcd force ; 
and by yielding are eaſily moved. among themſelves. 
I 3 Hyareftatics is a ſcience that treats of the properties of 
ids. - '- 
18. Hydraulics is che art of raiſing or r conveying watey by the 
help of engines. 

1 19. Pnaumalics is a ſcience that treats of the properties of 
the air. 

20. Machine is any mechanic inſtrument contrived to-move 
bodies, or to perform ſome particular motions. The mechanical 
powers are ſimple machines. 

21. Enpine 18 a mechanical inſtrument compoſed of levers, 
wheels, pullics, ſcrews, Sc. in order to move, lift, or ſuſtain 
ſome great weight, or perform ſome great effect. This is the 
largeſt and moſt compounded ſort of machines. 


22. Me- 


DEFINITIONS. 
22. Mechanic powers, are the balance, the lever, the wheel, 
8 pulley, the ſcrew, and the wedge. To which ſome add the 


23. Streſs is the effect of a force acting againſt a beam, or 
any thing to break it, or the violence it ſuffers by that force. 
The contrary to this is rengib, which is the reſiſtance any beam 
is able to make againſt a force endeavouring to break it. 

24. Fiction is the refiſtance ariſing from the parts of machines, 
or of any bodies rubbing againſt one another. 


POSTULAT 4. 


1. 1 a ſmall part of the ſurface of the earth, or che 
1 horizon, may be looked . as a plane. Though this 

is not ſtrictly true, yet it differs inſenſibly in ſo ſmall a ſpace as 

we have occaſion to conſider it. * | | 

2. Heavy bodies deſcend in lines parallel to one another, and 
perpendicular to the horizon: And they always tend perpendi- 
cular to the horizon by their weight. For this ts true as to 
ſenſe, becauſe the lines of their direction meet only at the cen- 
ter of the earth, taken as a perfect ſphere. 

3. The weight of any body is the ſame in all places at or near 
the ſurface of the earth. For the difference is inſenſible at any 
heights to which we can afcend. Though in ſtrictneſs the force 
of gravity decreaſes in aſcending, from the earth's ſurface, in the 
reciprocal ratio of the ſquares of the heights from the earth's 
center. 

4. We are to ſuppoſe all planes perfectly even and lar ; 
all bodies perfectly door — n and WN 
out friction or reſiſtance; lines perfectly ſtraight, and inflexible, 
without weight or thickneſs; cords extremely pliable ; c. For 
though bodies are defective in all theſe ; and the parts or matter, 
whereof engines are made, ſubject to many imperfections ; yet 
we muſt ſet aſide all theſe irregularities till the theory is eſta- 
bliſhed, and afterwards make ſuch allowance as is proper. 


AXFOMS. 


1. 3 body perſeveres in its preſent ſtate, whether of 
reſt, or moving uniformly in a right line; till ĩt is com- 

pelled to change that ſtate, by ſome external force. 
2. The alteration of motion, or the motion generated, or de- 
ſtroyed in any body, is proportional to the force applied; and 
=" "Ty in the direction of that right line in which the force 


0 


B 2 — | 1 le 


A ASXTOM:S. 


3. The action and nr — 
ans in contrary directions. 

. The motion of the white body is made up of the fun of 
. motions of all the parts. 

5. The weights of all bodies in the lus place, are proportional 
to the quantities of matter they contain; without any regard 
to their bulk, figure, or kind. For twice the matter will be 
| — as heavy, and thrice the matter thrice as heavy; and 

o on 

6. The vis inertiæ of all bodies, is proportional to the quan- 
tity of matter. c 

7. Every body will deſcend to the loweſt place it can 

to. 
"8 Whatever ſuſtains a heavy body, bears all the veiche | 

It, 

Two equal forces acting againſt one another in contrary di- 
ions, deſtroy one another's effects. 

10. If a body is acted on with two forces in contrary direc- 
tions, it is the ſame thing as if it were only acted on with the 
difference of theſe forces, in direction of the greater. | 

11. If a body is kept in equilibrio, the contrary forces, in any 
one line of direction, are equal, and deſtroy one another. 

12. Whatever quantity of motion any force generates in a 

iven time, the ſame quantity of motion will an equal force 
en, in the ſame time, acting in a contrary direction. 
Any active force will ſooner or more eaſily overcome a 
leſſer reſiſtance than a greater. 

14. If a weight be drawn or puſhed by any power, it puſhes 
or draws all points of the line of direction equally ; and it 
is N ſame thing, whatever point of that line he force is ap- 
plied to. 

15. If two bodies be moving the ſame way in any right 
line, their relative motion will be the ſame as if one body 
ſtood ſtill and the other approached, or receded from it, with 
the difference of their motions ; or with the ſum of their mo- 
tions, if they move contrary ways. 

16. If a body is drawn or urged by a rope, the direction of 
that force is the ſame as the direction of that part of the rope 
ou 1 to the body. 

| f any force is applied to move or ſuſtain a body by 
=> of a rope, all the intermediate parts of the rope are equally 
diſtended, and that in contrary directions. 

18. If a running rope go freely over ſeveral N all the 
parts of it are Oe ſtretched. 

19, If 


AXIOMS. 


19 If any forces be plied againſt one end of a free lever 
— Sa 1 thruſt or act with a force in 
direction of its 1 


ength. 
20. The parts of a fluid will yield and recede towards that 
part where it is leaſt preſſed, 


21. i 
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The quantities of matter in all bodies are in the complicated ratio of 
their magnitudes and denſities. 


OR by Def. 3. if the itudes be equal, the matter will - 

be as the denſities: and if the denſities be equal, the mat- 
ter will be as the magnitudes. Therefore the matter is univer- 
fally in the compound ratio of both. 


Cor. 1. The quantities of matter in ſimilar bodies, are as the dew. 
ities and cubes of their like dimenſions. For the magnitude is as 
the cube of the diameter, or other like dimenſions. 

Cor. 2. The quantilies of matter are as the magnitudes and = 
gravities. For the ſpecific gravities are as the denſities, by 


PROS 


The quantities of motion, in all moving bodies whatever, are in the 
complicate ratio of the quantities of matter and the velocities. 


For if the velocities are equal, it is manifeſt (by Ax. 4.) that 
the quantities of motion will be as the quantities of — - 
and if the quantities of matter are equal, the motions will be 
as the velocities. Therefore, univerſally, the quantities of mo- 
tion are in the compound ratio of the velocities and quantities 
of matter. 


Cor. In any fort of motion, the quantity of motion is as tbe ſum of 
all the producis of every particle * matter multiplied by its reſpedtive 


veloci 
* For 


St. I. GENERAL LAWS, G. 
For the quantity of motion of any particle is as that particle 
multiplied by its velocity: And as each particle of the fame body 
moves with equal velocity, the motion of the _ wil Wan 
fan of the motions of all the fem. | 


PROP. mY 


In ol uniform motions, the ſpace deſcribed is in the complicate ratio 
of the time and We 


For it is evident, if the velocity be given, the ſpace deſcribed 
by any body will be as the time of its moving. And if the 
time be given, the ſpace deſcribed will be greater or leſs ac- 
cording as the velocity is greater or leſs; that is, the ſpace will 
be as the velocity. Therefore if neither be given, the ſpace 
will be in the compound ratio of both the time _ Webac. 


Cor. The time is as the ſpace direttly, "oo ena Feci yy 
PROP. iv. 


The motion generated by any momentary erte, is as the. fd that 
generates it, 


For if a certain quantity of force generates any motion, a 
double quantity of force will generate double the motion; and 
a triple force, triple the motion; and ſo on. 


Cor. Tbe ſpace deſeribed is as the force and time direttly, and 
quantity of matter reciprocally. 
For by this Prop. th force is as the motion, this is by Prop. 
II.) as the matter and velocity ; therefore the den is as the 
force directly, and matter reciprocally. Alſo (by Prop. III.) the 
* is as the time and velocity, and therefore as the time . 
directly, and matter reciprocally. oy 


SCHOLIUM. 


Let ö body or quantity of matter to be.moved. 
 f =force of impulſe acting on the body 6. 
m ==momentum or quantity of motion gene raled i in B. 
v ==velocity generated in b. 
s ==/pace deſcribed by the body b. 
# =!ime of deſcribing the ſpace s with the velocity, 17 0 
en 


- GENERAL'LAWS 1 Be 
Then by the three laſt Props. we ſhall-have mw oc: bv, oc uv, and 
Feen. By the help of theſe three general propoſitions, the rela- 
tion of the ſpaces, times, velocities, , c. may be found, _ 
all ſuppoſitions. And thence all the laws and proportions be- 
longing to uniform motion, may be readily an ny re- 
ſolved : expunging ſuch as are not concerned in the queſtion; 
and rejecting all thoſe that are given or conſtant, and alſo thoſe . 
that are in both terms of the proportion. Thus we ſhall get in 
general, 40 * 5 * | : 
bs 


* | . , = 5 * 
m c f oe bv 0. 
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In any motion generated by a uniformly accelerating force, the mo- 
tian generated in any time is in the complicate ratio of the force 
and time. 


For, in any given time, the motion generated will be propor- 
tional to the force that generates it, this being its natural and 
nuine effect. And fince in all the ſeveral parts of time the 
orce is the ſame, and has the ſame efficacy, therefore the mo- 
tion generated will alſo be as the time: whence univerſally, ,the 
motion generated is in the compound ratio of both the force and 


the time of acting. 


Cor. 1. This Prop. is equally true in reſpe lo the motion loſt or 
NN in a moving body, by a force atiing in a contrary dire lion, 
y Ax. 12. 


Sect. I. . or MOTION. 


. Cor. 2. If the ſpace through which a body is moved by any force, 
be divided 4 2 — number of equal parts; and age each 
part, the accelerative force atts dijerently upon the body, according 
to any certain law ; and if there be taken the produit of the accele- 
rating force in each part, multiplied by the time of paſſing through 
it, then I ſay, : 815 | | 
As any — 2 accelerative force x by the time of afting ( FT): 
To the motion generated in that time (M) :: 
So the ſum of all the products of each particular force and time: 
To the motion generated in this whole time, by the variable force. 
For (by this Draw.) the time of deſcribing any part x; by the 
force: motion generated in that time:: Fx T: M; therefore by 
compoſition, the ſum of all the products, to the whole motion 
generated, is alſo as FT, to M. FV 


* 
. 


Cor. 3. The velocity generated (or deſtroyed) in any time, is as 
the force and time directly, and the quantity of matter reciprocally. 

For by Prop. II. the quantity of motion is as the matter and 
velocity; therefore the velocity is as the motion directly and 
the matter reciprocally, that is, (by this Prop.) as the force and 


time directly, and the matter reciprocally. 


Cor. 4. The increaſe or decreaſe of any velocity, generated or de- 
firoyed in any time is as the force and time direfly, and the matter 
reciprocally, | | N | 
This follows from Cor. 3. becauſe all effects are proportional 
to their cauſes, 3 | 


PROP. VI. 


In any motion generated by a uniform accelerative force, the Space 
' deſcribed from the beginning of the motion is in the complicate 
ratio of the laſt velocity, and the time wherein it is generated, 


For ſuppoſe the time divided into an infinite number of 
equal parts, each of which call 1, and let the times from the 
— be o, 1, 2, 3, 4. . tot. And let c be the velocity 

nerated at the end of the time 1; then by Cor. 3. of the laſt 

ro. the velocity generated in the ſame body, by the ſame 
force, in the times o, 1, 2, 3, 4. . - I, will be reſpectively o, c, 2c, 
3c, 40... to fc. And by Prop. III. the ſpaces deſcribed in each 
given part of time, will be - the time (1), and the velocity 1 
; | an 


and therefore thoſe ſpaces will be o, c, ac, 3. «tc; and the ſum 
vf all theſe is the hole ſpace deſoribed by the body. But the 
ſum of the arithmetic ,progreſhon, o, C, ac, 3c, 1. ic, where 
4 22 . — SEK * N n > OO — i e * 
the number of terms is very great, is, . X 4, or S N & 
but 7c is the laſt velocity and / the whole time, therefore tlie whole 
pace is us (e ) the velocity and time conjuntly. © 


Cr. r. Vn boy moves unifornily forward with the velocity acqnir- 
ed Hy a unſdrm actelerative force, it will deſcribe twice the ſpace in 
the ſame-or an equal time, that it deſcribed by the accelerative force. 
For here the ſpaces'defcribed in the ſeveral ſmall parts of 
tine, will be tc, Ic, te.. &c. to t terms, Whoſe ſum is 7c X 1. 
And the ſum of the former ſpaces, deſcribed by the accelerating 


1 . t 
force, Was NCT but te cl is to c f, as 4 to l. 


Orr. 2. Since any aive force is an endeavour of putting. a body 
Mio motion, therefore the adequate: and mmediale ect of an acce- 
rating forte is either motion or preſſure,' or both. 


&-C: H O = 


Let þ = Body or quantity of matter. 
F = N force acting uniſarmly aud equally on th 

. | 
v. D velocity generated in b by the force F. 

n == motion genevaled in b. | 

S == ſpace deſcribed by à. 

t = time of deſcribing the ſpaces. | | 
Then the two laſt propofitions, together with Prop. II. will 
"Yeſolve all queſtions relating to the times, forces, velocities, 
Sc. in uniformly accelerated motions. Thus n bv, n O 
H, and 3 o tv. Whence we have in general, i | 


- 


Fi Ge 


. & 2 K V 
. &c. 


hw 1 nk, Ax be gen fuck qua waſte bo 


PROP. VII, 


WR eftiag on a a bady al A in birnen AR, rape Bao 1. 
paſs through the ſpace AB in any time ; and another ſinilax farce E 
atting in direction AC, would move it through the ſpace AG mn the. 
fame time ; 1 ſay, by beth forces acting together, in their proper di- 
rections, the body will, in the ſame time, he med ure the 
ſpace AD, the diagonal of the parallelogram ABDC. {+ 


Ca8x J. 


Let the forces at cauſe the body to move unifarmly alang 
the lines 4B, AC. Then fince the force acting in dixechion AC 

rallel to BD, by Ax. 2, will not alter the velocity towards the 
_ BD, the body therefore will arrive at B D in the ſame time, 
whether the —— in direction AC be impreſſed or not ; there 
fore at the end of the time it will be found ſomewhere in BD. 
By the ſame argument it will be found ſomewhere in the line CD, 


therefore it will be found in O the point of interſection, nd by 
Ax. 1. it will move in a right line ay Ato * | \ | 
— 4 


Suppoſe the line AC to move parallel to itfeff into the 
BD, whilſt A moves from A to C; then fince this line an 5 
| body are both equally moved towards BD, it is plain the body 
muſt be always in the moveable line AC: thetefore when AC 
comes: to the poſition by, let the body be arrived at 4; then, 
fince both the line AC moves uniformly along AB, and the bo- 
dy A along AC, therefore it will be as IT; bd ©: AB: AP, 
therefore Ad is a right line. | 


'\Case II. 


Let the body be carried through AB, AC by an — 
force. Then by Prop. VI. the ſpace deſcribed vill be as the 
time and velocity, therefore the velocity will be as the ſpace 


C 2 directly 


r 1 &. directly and time reciprocally. . Alſo b Cor. 3. Prop. V. when 
1. the Nee and the body is ay. A the _ I the time. 
Whence the _ will be as the ſpace directly and time recipro- 
ay, body oy ace as the ſquare of the time. That is the 
on by the ſame force will deſcribe Hades 
140 r are = = ſquares of the times. Now let the time of de- 
nt 5 ſcribing AB or AC be 13 and let the line AC move along with 
th the body, always parallel to itſelf, and in the time ?, let it arrive 
1. | at bg, and the body at d, moving towards g. Then, from 
5 1 what has been faid, it is as 1 : :: AB: A, and alſo as 1: 77 
. : os 1 rough : bd. whence AB: 45 2 bd. therefore AdD is 
'Þ a ri t nine, 
# nd if you ſuppoſe 29H {pace to be as the "th power of the 
3 | time, it will ſtill be, x : .:: AB: Ab:: BD: bd, and Ad D is 
{till a right line for any fimilar forces. 


iti : CasE . 


6. But if the body A be carried through AD by a uniform force, 
in the fame time that it would be carried through AM by an 
accelerative force; then by both forces acting together, it will at 
the end of that time be found in the point H, of the parallelo- 


gram MADH; but then the line it deſcribes, 40. will not be 
a er line. | 


t. Orin. The forces, in the direftions AB, AC, AD are Ger- 
lively proportional to the lines, AB, AC, AD. 

For by Cor. Prop. IV. the time and the iy of matter 

being given, the force is directly as the ſpace deſcribed. And 


in accelerated motion, the ſame is true, by Pr. V. Cor. 3. pod ; 
Py. VI. 585 


os. 2. The two obli ae forces AB, AC are equivalent to the ſingle 
diret force AD, which may be compounded of theſe two, bY draw- 
ing the Pas of the N ” © + 


| "Oe. . Any fon Th direct ** AD may be reſolved into the two 
oblique ores whoſe e quantities and directious are AB, AC, having 


the ſame effe, 2 deſcribing any parallelogram whoſe diagonal i i AD. 


Cor. 4. A body being agitated by two forces at once, will pafs 
through the ſame point as it would do if the two forces were to af? 
een and ſucceſſively. And if any new motion be impreſſed on 

a body 


Sect. I. - wor MOT ASN 


@ body already in motion, it does not alter its motion in lines parellel x 1 C. 


to its former dire ion. 


Cor, 5. If two forces as AB, AC aft in the diretions AB, | 


reſpectively, draw AR to the middle of the right line BC, and 2 Ah 


is the force compounded out of theſe, and AR its direttion. 
PR O P. VIII. 
Let there be three forces A, B, C of the ſame kind, acting againſt 


one another, at the point D, and whoſe directions are all in one 


Plane ; and if they keep one another in equilibrio, theſe forces will 
Be lo each other reſpectively, as the three ſides of a triangle drawn 
parallel Io their lines direction, DI, Cl, (WOW. | 


Let DC repreſent the force C, and produce AD, BD , and 
complete the parallelogram DICH: and by the laſt Prop. the 


force DC is equivalent to the two forces DH, DI; put there- 


fore, the forces DH, DI inſtead of DC, and all the forces will 
ſtill be in equilibrio. Therefore by Ax. 11. D is equal to its 
oppoſite force A, and DH or Cl equal to its oppoſite force B. 

refore the three forces A, B, Care reſpectively as DJ, Cl, CD. 


Cor. 1. Hence the forces A, B, Care reſpectively as the three ſides 
of a triangle drawn perpendicular to their lines of direction, or in 
any given angle to them, on the ſame ſide. For ſuch a triangle will 
be ſimilar to the former triangle. | 

Cor. 2. The three forces ABC will be io each other as the ſiues of 
the angles through which their reſpective lines of direction do paſs, 
when produced. 27175 

For DI: CI: : S. DCI or CDB : S. CDI or CDA. _ 

And CI: CD:: S. CDIor CDA: S.CHD or HDI or ADB. 


Cor. 3. If there be ever ſo many forces acting againſi any point in 
one plane, and keep one another in equilibrio, they may be all reduced 
zo the action of three, or even of two equal and oppoſite ones. 
For if HD, ID be two forces, they are equivalent to the ſin- 


gle force DC. And in like manner A and B may be reduced to a 
ingle force, 


Cor. 4. And if ever ſo many forces in different planes, acting 
againſt one point, keep one another in equilibrio: they may be 1 re- 
N uced 


2. 


3 GENERAL LAWS 


v1 C. Aaced td the alonr of ſeveral forces in one plane, and conſequently to 

3. two equal and oppoſite ones. | 

For if the four forces A, B, H, I, act againſt the point D; 

and H, I be out of the plane ADB, let BC be the common 

ſection of the planes ADB, HDI; then the forces H, I, are re- 
duced tothe force C, int the plane ADB. 5 


8 CH 01. 


This Prop. holds true of all forces whatever; whether of im- 
pulſe or percuſſion, thruſting, pulling, preſſing; or whether 
inſtantaneous or continual ; provided they be all of the ſame 
kind. TY 
Hence if three forces act in one plane; their proportions are 
had; and if one force be given, the reſt may be found. And if 
four forces act, and two be given, the other two may be found; 
but if only one be given, the reſt cannot be found ; for in the 
three forces, A, B, C, the force C may be divided into other 
two an infinite number of ways, by drawing any parallelogram 
DICH about the diag8nal DC. And in general if there be any 
number of forces acting at D, and all be 2 but two, theſe 
two may be found: otherwiſe not, though the poſitions of them 
all be given. : | 


PROP. IX. 


If one body acts againſt another body by any kind of force whatever, 
il exerts that force in the direction of a line perpendicular to the 
ſurface whereon it acts. | | f 


4. Let the body be acted on by the force AB in the direction AB. 
Let the body C and the obſtacle O, hinder the body B from 
moving; divide the force AB into the two forces AD, AE; or 
EB, DB, by Cor. 3. Prop. VII. the one perpendicular, the other 
parallel to the ſurface DB. Then the ſurface DB receives the 
perpendicular force EB, and the obſtacle O the parallel force 
DB ; take away the obſtacle O, and the force DB will move the 
body Bin a direction parallel to the ſurface, with no other effect 
than what ariſes from the friction of B againſt that ſurface, occa- 
ſioned by the preſſure of B againſt it by the force EB, which, if 
the ſurface be perfectly ſmooth and void of tenacity, will be no- 
thing. The force DB therefore having no effect, the remain- 
ing force BB will be the only one, whereby the body B acts 

againſt 


againſt the ſurface. PB, and: that in direction EB. perpendicular #:1.G. 
to it. VO SIS ee e ett ee 4. 


Cor. 1. If a given body. ̃ ſtrite another body 1G oblignely,. at any 
angle ABD, the magnitude of the ſtroke will be diredly as the velo- 
city and the ſine of the angle of incidence ABD, and the body Cire- 
cetves that ſtroke inthe direction Eh perpendicular to the ſurface 

B. 2 n | | 
A For if the angle ABD be given, the ſtroke will be greater in 
proportion to the velocity; and if the velocity AB be given, the 
ſtroke will be as AD, or S. { ABD. Or the magnitude of the 
ſtroke: is as the velocity wherewith the body approaches the plane. 


r. 2. If a perfectly elaſtic baly A impinges on à bard or elaſtic 5. 
body CB at B, it will be reflected from it, ſo that the angle M re- 
lection till be equal lo tbe angle M incidence. 855 

For the motion at B parallel to the ſurface is not at all changed 
by the ſtroke. And becauſe the bodies are elaſtic they recover 
their figure in the ſame time they loſe it hy the ſtroke; there- 
fore the velocity in direction E is the: ſame-after. as before the 
ſtroke. Let AE, BE repreſent the velocities before the ſtroke, 
and ED ( Al and BE the reſpective velocities. after the 
ſtroke; then in the two ſimilar and equal trangles AEB, BED, 
LABE is equal to EBD. e | 

But fince no bodies in nature are perfectly elaſtic, they are 
ſomething longer of regaining their figure ; and therefore the 
angle DBF vill be ſomething more acute than the / ABG. 


Cor. 3. Tf one given body impinges upon another given body; the 
anaguituae of the ſtroke will be as the relative velocity between the 
Bodies. | | e e 

For the magnitude of the ſtroke. is as the line BE, or the ve- 
locity wherewith the bodies approach each other; that is, as 
the relative velocity. 

Cor. 4. And in any bodies whatever, I a body in motion ſiri te 
againſt another, the magnitude of the ſtrote will be as tbe motion loft by 
the ftriking body. 8 | | N | 

For the motion impreſſed on the: body that receives the 
ſtroke is equal to the magnitude of the ſtroke. And the ſame 
Pe i Ax. 3. is equal to the motion loſt in the ſtriking 
F Yo | 


GENERAL LAWS 


4. 10. Gr. 5. A non-elaſtic body:firiking another non-elaſtic body, only 
43 luaſes half as much motion as if the bodies were penfectly elaſtic, 
a For the non-elaſtic bodies only ſtop ; but elaſtic bodies recede 
Wil with the ſame velocity they meet with. | 


16 


A oy Gor: 6. 8 alſo it follows, that if one body acts upon another 
"ap by flriking, preſſing, Sc. the other re-acis upon this in the direction 
14 | of a line perpendicular to the ſurface whereon they act. By Ax. 3. 
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8 Though the momentum or quantity of motion in a moving 
A} . body is à quite diſtinct thing from the force that generates it, 
4 5 yet when it ſtrikes another body and puts it into motion, it may, 
with reſpect to that other body, be conſidered as a certain quan- 
tity of force proportional to the motion it generates in the other 


Wild 2/2 4 | 
Alſo, although the motion generated by the impulſe of ano- 
8 ther body is conſidered as generated in an inſtant, upon account 
. | of the very ſmall time it is performed in; yet in mathematical 
iF ſtrictneſs it is abſolutely impoſſible that any motion can be ge- 
if! nerated in an inſtant, by impulſe or any ſort of finite force 
be whatever. For when we conſider that the parts of the body 
1 which yield to the ſtroke, are forced into a new poſition, there 
i} will be required ſome time for the yielding parts to be moved 
" through a certain ſpace into this new poſition. Now during this 
time, the two bodies are acting upon each other with a certain 
accelerative force, which in that time generates that motion, 
Wk! which is the effect of their mutual impulſe. So that it is plain 
635 that this is an effect produced in time; and the leſs the time, 
tg the greater the force; and if the time be infinitely ſmall, the 
5 force ought to be infinitely great, which is impoſſible. But by 
N ' reaſon that this effect is produced in ſo ſmall a time as to be 
3$ utterly imperceptible, ſo that it cannot be. brought to any cal- 
. culation, upon this account the time is entirely ſet aſide, and 
vie. the whole effect imputed to the force only, which is therefore 
AE ſuppoſed to act but for a moment. 

ö I. he quantity of motion in bodies has been proved to be as 
W the velocity and quantity of matter. But the momentum or 
10 quantity of motion may be the ſame in different bodies, and 

KAI yet may have very different effects upon other bodies, on which 
f they impinge. For if a ſmall body with a great velocity im- 
pinge upon another body; and if, by reaſon of its great velo- 
city, it act more ſtrongly upon the ſmall part of the body = 
whic 


Sec. I. or MOTION. 


which it impinges, than the force of coheſion of the parts of x 1 ©. 


that body; then the part acted on, will, by this vigorous ac- 
tion, be ſeparated from the reſt ; whilſt, by reaſon of the very 
{mall time of acting, little or no motion is communicated to 
the reſt of the body. But if a great body with a ſmall velocity 
ſtrike another body; and if by reaſon of its flow motion it 
does not act ſo vigorouſly as to exceed the force of coheſion ; 
the part ſtruck will communicate the motion to the reſt of the 
body, and the whole body will be moved together. Thus if a 
bullet be ſhot out of a gun, the momentum of the bullet and 
piece are equal; but the bullet will ſhoot through a board, and 
the gun will only jump a little againſt him that diſcharges it. 
Therefore ſmall bodies with great 1 1 are more proper to 
tear in pieces; and great — 45 with ſmall velocity, to ſhake 
or move the whole. 1 e 5 


„FRO P. X. 


The ſum of the motions of any Iwo bodies in any one line of direction, 
towards the ſame * cannot be changed by any action of the 
bodies upon each otber; whatever forces theſe actions are cauſed 
by, or the bodies exert among themſelves. | . 


Here I eſteem progreſſive motions, or motions towards the 
{ame part, affirmative ; and regreſſive ones, negative. 


CT 


Let two bodies move the ſame way, and ſtrike one another 
directly. Now ſince action and re-action (by ax. 3.) are equal 
and contrary, and this action and re- action is the very force 
by which the new motions are generated in the bodies ; there- 
fore (by ax. 2.) there will be produced equal changes towards. 
contrary parts. And therefore whatever quantity of motion is 
gained by the preceding body will be loſt by the following 
one; and conſequently their ſum is the fame as before. 

And if the bodies do not ſtrike each other, but are ſuppoſed 
to act any other way, as by preſſure, attraction, repulſion, Sc. 
yet ſtill, ſince action and re- action are equal and contrary, there 
will be induced an equal change in the motion of the bodies, 
and in contrary directions; ſo that the ſum of the motions will 
ſtill remain the ſame. 


D CAs E 


GENBRAdMLAWS _ : 1, 


4 2 * * * 4 * 4 : g 4 * 
„% r $44 1% 5 un. +3 : 4 2 1 
1 4 1 « 
4. 8 £ N "of 
„ i - 
* 1 v 1 


N © 1 9 4 l 144 


j 


das the bod td ſtrike each * big, ; ed fince 
tl laſt prop.) they act. upon each other in a direction per- 
ener to the ſurface in which they ſtrike, the action and 
oh tion in that Aireckion being AY and contrary, the ſum 
of the motions, the ſame way, in that line of direction, muſt 
remain the ſame as before, And fince the bodies do not act 
pon each other in a direction parallel to the ſtriking ſurface, 
cer efore there is induced no change of motion in that qirection; 
TEES W the ſum of the motions will remain 
Nen fame conſidered in any one line of direction whatever. And 
he bodies act upon one another by any other forces whatever; 
ſtill (by ax. 2. and 3) the changes of motion will be equal 
and contrary, and their ſum the . as before. 


Cor. 1. The ſum of the motions of any h nem or number of bodies, 
f am one line of direction lalen the ſame way, remains always 

fame, whatever forces theſe bodtes exert upon each other ; 
e contrary molions to be negative: And therefore, 


Cor. 2. The ſum of the motions of all the bodies in the world, 
eflimated in one and the {ame line of diredion, and always he fame 
way, 1s eternally and invariably tbe jame ; efleeming, theſe motions 
affirmative which are progreſſive, or directed the Jame way ; and 
the regriſſive motions negative : and therefore in this ſenſe motion 
can neither be * nor diminiſhed, But, 


Cr. 3. uf you 1 * the motions in all dirèctions to be affirma- 
tive, then the quantity of motion may be increaſed or decreaſed an 
infinite number of ways. As ſuppoſe two equal non-elaſtic bodies to 
meet one anatber with equal velacitics, e's will both op and lofe 
alf their, motions. FOE 1 1 f 

For let M be the! motion of each. then” before meeting, "ON 
ſum. of their mations is M + M. "and after their ing. it 
is O. But in the ſenſe of this Prop. M Mis the ſum of the 
motions before, they mect, becauſe they meet contrary, ways, 
which is o; and it is the ſame aſter they meet. And thus a 
man may put ſeveral bodies into motion with his hands, which 
had no motion before, and that in as many ſeveral directions 
as he will, 


PROP. 


Sect. I. or MOTION. 1 19 


FIG, 


3 PROP. XI. 
tnt 


T he motions o/ bodies e in a given —. an all — e 
tbeuſelves: whether tbat face 75 at oa or Moves 7 225 
eee in a raght line. | 


"44 5 

(1;Hondf- a . in iy ai docile: e nies 
any force equally.impeeſſed, both upon The Wedyaikd the right 
line in any direction; and in confquetice of this they both 
move uniformly with the fame velocity: now as there is no force 
to carry the body out of that line, it muſt ſtill: continue in it as 
before; and as there is no force to alter the motion of the body 
in the right line, it will (by ax. 1.) ſtill continue to move in 
it as before. For the ſame reaſon the motions of any number 
of bodies moving in ſeveral directions, will ſtill continue the 
ſame ; and their motions among themſelves will be the ſame, | 
whether that ſpace be at reſt, or move uniformly forward. 

Likewiſe, ſince the relative velocities'of bodies, (that is} the 
difference of the real velocities the ſame.way, or their fur, 
different ways) remain the ſame, whether that ſpace be at reſt, 
or it and the bodies move uniformly: forward all altogether ; 
therefore their mutual impulſes, 8 and actions upon 
one another, being (by Cor. 3. Pr. IX.) as the relative veloci- 
ties muſt (by ax. 3.) 1 . 


s Hor. 


Before end this ſection, it may not be amiſs to mention a 
certain kind of force, called by the foreigners, vis viva. This 
they term a faculty of acting, and diftinguiſh it from the vis 
morige, which with them ſignifies only a ſolicitation to motion, 
ſuch as preſſure, gravity, &c. Concerning this vis viva they talk 

ſo obſcurely, that it is hard to know what they mean by it. 
But they meaſure its quantity by the number of ſprings w ich 
a moving body can bend to the ſame degree of tenſion, or break; 

whether it be a longer or a ſhorter time in bending them. So 
that the vis viva 1s the total effect of a body in motion, acting 
till its motion be all ſpent. And according to this, they find, 

that the force (or vis viva), to overcome any number of ſprings, 


mae always be as the body multiplied by the ſquare of the ve- 
city. 


LF-2 Suppoſe 
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GENERAL LAwWS, &c. 


Suppoſe any number of equal and ſimilar ſprings placed at 
e in a right line, and a body be ores in the 
ſame right line againſt theſe N then the number of 
ſprings which that body will break before it ſtop, will be as 
the ſquare of its velocity: whatever be the law of the reſiſtance 
of any ſpring in the ſeveral parts of its tenſion. For from the 
foregoing Prop. it appears, that the ſwifter the body moves, ſo 
much the leſs time has any ſpring to act againſt it to deſtroy its 
motion; and therefore the motion deſtroyed by one ſpring will 
be as the time of its acting; and by ſeveral ſprings, as the 
whole time of their acting; and conſequently the reſiſtance is 
uniform. And fince the reſiſtance is uniform, the velocity loſt 
will be as the time, that is, as — directly and velocity 
reciprocally ; whence the ſpace, and therefore the number of 
ſprings, is as the ſquare of the velocity. And upon this ac- 
count they meaſure the force of a body in motion, by the ſquare 
of the velocity. So at laſt the vis viva ſeems to be the total 
ſpace paſſed over, by a body meeting with a given reſiſtance; 
which ſpace is always as the ſquare of the velocity. And this 
comes to the ſame thing as the force and time together, in the 
common mechanics. | 

Now it ſeems to be a neceſſary property of the vis viva; that 
the reſiſtance is uniform. But there are infinite caſes where 
this does not happen; and in ſuch caſes, this law of the vis 
viva muſt fail. And fince it fails in ſo many caſes, and is ſo 


_ obſcure in itſelf, it ought to be weeded out, and not to paſs for 


a principle in mechanics. 

Likewiſe if bodies in motion impinge on one another, the 
conſervation of the vis viva can only take place when the bodies 
are perfectly elaftic. But as there are no bodies to be formd 
in nature which are ſo, this law will never hold good in the 
motion of bodies after impulſe ; but in this reſpect, it muſt 
eternally fail. | | 

This notion of the vis viva was firſt introduced by M. Leib- 


x;1z, who believed that every particle of matter was endued 
with a living ſoul. 


SECT: 
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SE C T. Il. 


The Laws of Gravity, the Deſcent of heavy Bodies, v1 6. 
and the Motion of Projectiles, in free Space. 


3 PROP. XII. 
The ſame quantily of force is requiſite to keep a body in any uniform 
motion, direftly upwards, as is required to keep it ſuſpended, or 
at reſt. | | 
And if a body deſcends uniformly, the ſame force that is ſufficient 
to hinder its acceleration in deſcending, is equal io the weight 


of tt. 


FOR the force of gravity will act equally on the body in 
any ſtate, whether of motion or reſt, Therefore if a body is 
projected directly upwards or downwards with any degree of 
velocity, it would for ever retain its velocity if it were not for 

the force of gravity that draws it down, by ax. 1. If therefore 
a force equal to its gravity were applied directly upwards, then 
(by ax. 9.) theſe two forces deſtroy each other's effects; and it 
is the ſame thing as if the body was acted on by no force at all. 
And therefore (by ax. 1.) it would retain its uniform motion. 


Cor. But if a body be moved upwards with an accelerated motion, 
the force to cauſe that motion will be greater than its weight, and 
that in proportion to its acceleration. (by ax. 10.) | 


PROF. ANE 


The velocities of falling bodies are as the times of their falling 
from reſt. 


For, by poſtulate 3, the body is uniformly acted on by gra- 
vity, which is its accelerating force downwards ; therefore by 
Cor. 3. Prop. V. the velocity is as the force and time directly, 
and the matter reciprocally. But by ax. 5̃. the force of gravity 
| 18 
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14 F I G. is as the quantity of matter, and conſequently, the velocity will 

Vl be as the time. : 
+3 Cor. 1. All bodies falling hy. thety o2wn weirht, gain equal velo- 

1 | cities iu Ky neg limès. 

=_ oe” 

Bl | Or. 2. Dhatever 8 4 ſan 1 pains. in any 5 47 

KR | it be thrown diretly upwards, it loje as much in an equal 

i time, by ax. 12. And, erchore, 


9 4 2 n | —— * ——— 


; 5 | Cor. 3. i a body be projeted, — with the velocity i it ac- 
11 | yore. ” falling in any time, it wilt in the ar time Fg all its 


Cr. 4+ "Bodies thrown apwards 72 equal velocities in equal timer. 


''P-R © P. XIV. 


| The ſpaces deſcribeq by falling badies are as the ſquares of tet {limes 
| "NM their J from reſt. 


For, by Poſt * vity is a uniformly accelerating force, 
- 20 therefore b alge the uct deſcribed is as the time and 
velocity. Bur the laſt Prop. the time is as the velocity, 

and therefore the Wees deſen is as the ſquare of the time. 


Cor. 1. The ſpaces deſcribed by falling bodies are alfo as the 
ſquares of the velocities ; or the velocity is as the ſquare root of the 
height fallen. 


Cor. 2. Taking any equal parts of time, then the ſpaces, deſcribed 
by a falling body, in each ſucceſſive part of time, will be as the odd 
numbers, I, 3, 5, 7, 9, II, Sc. 

For in the times 1, 2, 3, 4, Sc. the ſpaces deſcribed will 
be as their ſquares 1, 4, 9, 16, Sc. And therefore in the dif- 
ferences of the times, or in theſe equal parts of time, the ſpaces 
deſcribed will be as the differences of the 1 or as 1, 3.5 
55 7. Oc. 8 


Cr. 3. A body moving with the velocihy. acgui red. by j "Bl 
through any ſpace; will x Ha twice that pace in the time of its 

fall, By Cor. 1. Prop. 6 i 
2 


1 


Sect. II. L AWS for GRAVITY. 


Gor. 4. I a body be projected upwards with'the velicity it ac 1 6. 


qaired is falling, ii 92 in the ſame line, aſtend to the fame 
height it fell from, and deferibe equal ſpates in equal times, both 
in riſing and falling, but in an inverſe order; and wil have the 
ſame velocity at every point of the line deferibed. | 

For by Cor. 2. of the laſt Prop. equal velocities will bepahed 
or loſt in equal times ( reckoning from the laſt moment of the 
deſcent). Therefore, ſince at the ſeveral correſpondent points, 
of time, the velocities will be equal; the ſpaces deſcribed in any 
given t time will be equal, and the wholes equal. 925 iy 

Ger. 5. If bodies be projefied hands with 455 velocities, the. 
beiphts 5 their aſcent will be as the ſquares of the velocilies, or as. 
the ſquares of the times of their aſcending. 

For in deſcending bodies, the ſpaces deſcended are as the 
ſquares of the laſt velocities, by Cor. 1. And oy Cor. 4.5 the 
ſpaces aſcended will be equal to thoſe deſornded 


Cor. 6. If a body is projezed upwards with any velocity, wilh 
the ſame velocity undiminiſhed it would deſcribe twice the ſpace of 
its whole aſcent, in the ſame time. | By Cor. 3. and 4- | 


Cor. 7. Hence alho all bodies from equil altitudes deſcend, to the 
Surface of the earth in alm, I 40 fie e | i 


* 
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K'is — by pete that «key body falle TH r 
in a ſecond of time, and — uires a velocity which will carry it 
over 32 feet in a ſecond; ich being known, the ſpaces deſcri- 
bed in any other times, and the velocities acquired, wilt be KRown 
by the foregoing propoſitiorts, and the contrary. Theſr propo-' 
ſitions are exactly true; where there is no reſiſtance to Hinder the 
motion, but becauſe bodies are a little reflſted by the air, de- 
ſcending bodies will be a little longer in falling; and a body 
projected upwards, will be ſomething longer in i thidk 
in aſcending, and falls with à leſs velocity; and conſeq 1 a 
body projected) upwards with the velocity it falls with. ith. 

aſcend” quite to the ſume height; but theſe errors are fo frat}, 
that in moſt caſes they may ſafely be negletted: | | 

If the foree by which a body is accelerated in falling was di- 
rectly as the height fallen from, it may be computed (by Cor. 2. 

Prop. V.) that the velocity acquired will alſo be as the height ; 
56 


* 


1 
. 


1 6. or the ſpace deſcribed directly as the velocity. And therefore if 


bodies. were 8 upwards, they would in this caſe aſcend 
to heights, which are as the velocities with which they are pro- 
jected. This being compared with Cor. 5. of the laſt Prop. it 
is eaſy to conclude that bodies projected upwards, and acted up- 


on by a force which is neither of a given quantity, nor in pro- 


portion to the diſtance of the body from the top of the aſ- 
cent, but between them; that theſe bodies will then aſcend to 
heights which are between the ſimple and duplicate ratio of the 
velocities. tant altos att Mags Fn * 190 142 
And as theſe propoſitions lead us to the knowledge of the re- 
lation between the velocities and ſpaces deſcribed, from the forces 
being given; ſo vice verſa, from that relation being given, the 
forces may be known. Whence if bodies are projected with 
any. velocities into a reſiſting medium, and the ſpaces deſcribed 
by that body meaſured, the conſtitution of that body and the 
law of its reſiſtance will be found. 115 | | 


Pp R O P. XV. 


If a body be projected either parallel to the horizon, or in any oblique 
direction; it will, by its motion, deſcribe a parabola. 


6, 7. Let AD be the direction of the motion, AFC the curve de- 


ſcribed, and let AB, BC, CD, &c. be all equal, draw AM, 
BF, CG, DH, &c. perpendicular to the horizon, and complete 
the parallelograms, AF, AG, AH, &c. Then by Ax. 1. if the 
body were without gravity, it would move on in the line AD, 
and deſcribe the lines AB, BC, CD, &c. in equal times. Now 
ſince gravity acts in lines perpendiculat to the horizon, it 
does not affect the motion in direction AD, but generates a 
motion in direction AM. So that the body, inſtead of being at 
B, C, D, &c. will at the ſame points of time be at F, G, 
H, &c. But in the time of deſcribing AB, AC, AD, the body 
by the force of gravity will deſcend through the ſpaces BF, CG, 
DH; which are as the ſquares of the times they are deſcribed 
in (by Prop. 14.) that is, as the ſquares of the line AB, AC, 
AD. But AB, AC, AD are equal to KF, LG, MH; and BF, 
CG, DH, equal to AK, AL, AM. Therefore the parts of the 
axis of the curve, AK, AL, AM, &c. are reſpectively as the 
ſquares of the ordinates KF, LG*, MA, &c. And therefore, 
by the conic ſections, the curve AFG is a parabola. 


Cor. 


Se. II. PROJECTILES. 26 


rer. 1. The line ef direction AD is a tangent to the curve in A. z 1 0. 
And the latus refum to the point A is 2 or . And in the * 


oblique projettion, the parameter is , ſuppoſing 40 P perpen- 
dicular 10 AM, and G the vertex, For then 47 Ser 8 : 


Cor. 2. If the horizontal velocities of pręjectiles be the ſame, what- 
ever their elevations be, they will deſcribe the ſame parabola. 

For if AB be the velocity and direction of the projectile, then 
AO is the horizontal velocity. When the body comes to the ver- 
tex G, its motion is then parallel to the horizon, which lel 
motion remains the ſame as before, that 1s, equal to AO. ere- 
fore it deſcribes the fame parabola, as a body projected from 
G with the velocity AO parallel to the horizon. 


Cor. 3. The velocity of a projectile in any point of the curve, is 
as the ſecant of the angle of its direction above the borixon. 

For AO the horizontal velocity is the ſame at all points of the 
curve; and the velocity AB at A, in the curve, is the fecant of 
the angle of elevation OAB. | 


Cor. 4. The velocity at any point of the curve is the ſame that is 
acquired by falling thro* & the parameter belonging 10 that point : 
Or (which is the ſame) thro! of the principal latus rectum + the 
abſciſſa to that point. + 

For let [A be the ſpace fallen thro? to acquire the velocity in 
any point as A; then the ſpace AD deſcribed in the ſame time 
with that velocity in direction AY, will be 241 (by Cor. 3. 
Prop. XIV.) but in the ſame time, by the fame force of gravity, 
the body will deſcend thro* an equal ſpace DH, therefore AD 


or MH — 2DH or 2AM; but the parameter == = 7 or 


4AM. Therefore AM or AI the parameter. 
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PROJECTILES. 


DE BR 0 P. XVI. 


FIG, 


To 


The borizontal di 8 of projefions, made with any Cities, 
and at any elevations, are as the ſines of the doubled angles of 
"elevation, and the Squares of the velocities conjunctiy. 


A 7 he Mee. meaſured by the ſpace it 
aſſes thro” in time 1. 
== deſcent of a body by gravity in the ſame time, 
' * = AE the borizontal diſtance, or amplituyle. 
12 enge 2 of the elevation, VAE. 
B 1 of {wice the elevation. 


Then by trigonometry, 25c = A, and 255 — B, when the radius 
is 1. And in the right e triangle AEF, 


: (rad.) 1 :=— A and 
7 2 2 1. 
And by Prop. III. 
v: (time) 1:: (AF) - - = t time of deſcribing AY. 
| And by Prop. XIV. 
F: (time) 1 :: — (YE) : — = ſquare of the time of deſcrib- 
ing VE. Now the times of 8 A, VE, and the curve 


die 


AGE are all equal. Whence = _ = Therefore x == = 


i) 
* 


222. And therefore x or AE is as vA. 


2f 


Cor. Hence, the altitudes of projeBions, are as the ſquares of the 
fines of elevation, and the ſquares of the velocities ; or as the verſed 
ines of the double angles of elevation, and the ſquares of the veloci- 


ties. | 
For if G be the vertex, GP =+ P == E, and VE — 
Fs, Therefore GP == == = 55 Therefore GP is as 


© f WEE 


dvs Or as VUB. 


Cor . 


Sect. II. PROJECTILE S. 1 


Cor. 2. The times of flight of- projetiles are as the velocities, x 1 6. 
and the ſines of elevation. . = . . 


* . 5 
— — — —. 
For the time = = 7 


Cor. 3. The greateſt bd or Andante Projection is at the | 
elevation of 45 degrees. And the borizontal diflances are equal, at bu 
elevations equally OT above and below 4 * 


SCHOL. 


Let h be the height of the he perpendicular projection with the 
velocity v; then will b. Whence 


af | 
Horizontal diſtance = 7 = = = 45ch = 2 Ah. 
Altitude of the projection = => = 7 = 55h AB“. 
' 


h 
Time of flight == = 2. 


PROP. XVII. 


The diſtances of projections made on any inclined planes, are in the 
complicate ratio of the ſines of the angles which the lines direc- 
tion make with the plane and zenith, and the ſquares of the velo- 
cities, directly and the coſines ſquared of he Plane's elevalions 
reciprocally. 


Let AE be the inclined plane, AY the direction of the pro- 8. 
jectile, SA, CP, VE perpendicular to the horizon; AGE the 
path of the projectile, and let | 

v == velocity. of the projeftile in A, meaſured by the euer 

il deſcribes in the time 1. 

F = ſpace deſcribed by a W body in the JO time. 

ine of VAE, | 

c ine of VAS \ | 

⁊ . ſine of S4E, | 

& = AE the oblique diſtance, or random, 


E 2 | Then 
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| ee 
And by Prop. III. 


Space v: time 1 :: (AY) =: == time of deſcribing AI. 
And by Prop. XIV. 

Space. F: time 1 :: (VE) E: = = ſquare of the time of de- 
ſcending through VE. | | 
But the times of deſeribing AY, FE being equal, we have 

= ===, or - = and f being a given 


222 
a UE Yor ons = — ; whence x == 


| 22 4 0VP- 
quantity, * is as 


Cor. 1. The beights above the planes, are as the ſquares of the 
velocities, the ſquares of the ſines of elevation above the planes, 
directly: and the ſquares of the caſines of the planes elevations 
reciprocally. 5 Ro 

or if AP—=PE, then G is the vertex of the parabola, in 
ſpect of AE. And GH T VE =" === 
reſpect of the plane A. 1 E 2 2 

Cor. 2. The times of flight are as the velocities aud ſines of ele- 

vation above the planes; and the coſines of the planes elevations 
 reciprocally. - | 
4 


KEE HTS BY 
For the time is = > = 5 


p 5" 3- Hence alſo the altitude is as the ſquare of the time of 
Kb. | N 


For the altitude is as — and the time as =. 


Cor. 4. The greateſt projection upon an inclined plane, is when 
the line direction biſects the angle between the plane and zenith. 


And the projeftions are equal at elevations equally diſtant from this 
line, above and below. | 4 


For 


* 


Sect. II. PROJECTILES. 


Cor. 5. This Prop. holds true, whether the projeFions be made 


up, or down the planes ; Or whether both planes be inclined, or 


one is inclined and the other horizontal. 
8s HOIl. 
Let h heigt of the perpendicular direction as before, then 


bz. Whence 


47 is 
Length of the projeftion . = 


Height of the projection ——===—. 


; FR 5 
Time of flight == 


And if d AE the length of the projection, then d, 


2 = 


whence v=2y/L. And ſuppoſing the utmoſt random of 


one of our greateſt guns to be 5864 paces, then v= 194 paces 


== 324 yards, ſo that a ball ſhot out of her moves at the rate- 


of 324 yards in a ſecond. All this ſuppoſes that there is no 
reſiſtance of the medium. But it may be noted, that by reaſon 
of the air's reſiſtance, the upper randoms, being more reſiſted, 
ſcarce go ſo far as the under randoms ; and the greateft random 
upon a horizontal plane is therefore at ſomething leſs elevation 
than 45 degrees. e 


a 29 
For upon the ſame plane, AE is as gc, and sc is greateſt . 
c. And at equal diſtances above and below 5c is the ſame. 8. 


FIG, 7 at the ends of the balance 4B, which are - equally diſtant "RM 


9. 


GK SECT. m 


The properties of the mechanical FRE the ba- 
lance, the lever, the wheel, the Falle, the 
 ferew, and the wedge. . 


P R 0 P. XVIII. 


the center of motion C, two To 16, ah be e they will 
be in equilibrio. 


Here AB that . the balance is se to be a 
right line, in which are the three points A, B, C. Now the 
weights A, B, cannot act upon one another any otherwiſe than' 
by means of the balance 4 B, whoſe fixed point is C. 

Suppoſe then that any force applied at A puts the body A 
into motion, and by means of the balance the body B; then 
ſince the brachia or ends of the beam CA and CB are equal, 
the arches Aa, Þ5, defcribed by theſe bodies will be equal ; 
conſequently the velocities and quantities of matter of A, B, 
being equal, their momenta or motions will be equal. And, 
becauſe ACÞ is a right line, they move in a contrary direction; 
and therefore by ax. , theſe bodies cannot of themſelves raiſe 
one the other, but muſt remain in equilibrio. 


Cor. Hence equal forces A, B, applied at equal diſtances from tbe 
center of motion C, will have the ſame effett in turning the balance. 


- PR OP. 


2 
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PROP.. NIX. 


Te any: 3 lever, if the power P FR to the 3 155 as hey 1 6. = 


diſtance of the weight from the fultrum C, to the diſtance of the .. 


power from the fulcrum, the power and weight ( yg Joes 
Ala on the lever) will. be in . OE 8 BY 


=Y 1.43 12. N 
A lever is any ine de as ſtaff or N whether of 


metal or wood, &c. that can any way be e to move 2 05 


dies. There are 4 kinds of levers : 
1. A lever of the fir 
tween the weight and the power, (fig. 10.) 


2. A lever of the ſecond kind is where the weight is be- | 


tween the fulcrum and the power, (figa1g.) 


3. The lever of the third kind is where * pouer P'is be- 5 


tween the weight and the fulcrum, (fig. 20.) 
4- The fourth kind is THe bended lever, (fig 12. . 


C 


In the lever of the eit kind ICE inflead bfithe pies Þ 
apply a weight P to act at the end CP. And let the lever 


W be moved into the poſition aCB; Then will the arches 


Wa, Pb be as the radii , CP; that is as the velocities of 
the weight and power. Whence ſince P: I:: Cf.: CP, there- 
fore P: : : velocity of V: velocity of P:: therefore 5 * 
velocity of P= x velocity of . Conſequently the momenta. 


C { n 
4 
© 


* 4 
ns 


10. 


19. 
20. 


ſt kind is that Me the fulcrum 18 Fa 35 


10. 


or motions of P and J/ are equal. And ſince they act in con- 


trary directions, therefore by ax. 9. neither of them can move 


the other, but they will remain in equilibrio. 


| > $I II. 


„ 


The levers of the 2d and 3d kind may be reduced to the 


iſt thus; make Cp — CP, and inſtead of the power P, apply a 
weight equal to it at p. Then by Caſe 1, the weight T4 and 
power p will keep one another in equilibrio; and (by Cor. Pr. 
18.) the weight p and power P will have the ſame effect in 


turning the lever, mene the ni P and ae Ww will be 
in equilibrio. 


Cor. 


19. 
20. 


FIG. c. 1. bn any er of lever, whether fraight or bended, and 
10. Thetber moveable about a ſingle point C, or an axis AB; or whe 
11. ther the lever be fixed to the axis, and both together moveable about 
12. two centers d, B, or whatever form the levers baue, if 4B le 
13. 4 right line, and from the ends P, W, there be drawn lines to the 
14. center C, or perpendicular to the axis AB ;- and if the power and 
5 L delight act perpendicular to theſe lines, and be always reciprocally 
16. as theſe diſtances drawn to ye center Cc or axis A B, then how” w_ 
ese in . > 80 


17. Or. 2. In any Pu of lever 1b. n whatever diveSions the 
18. power and' weight af on il; if their quantities be reciprocally as the 
Piorpendiculars on their ſeveral lines of direction, let fall from the 
center of motion, they will be in equilibrio. Or they will be in equi- 
librio, when the weight multiplied by us diſtance, and the S. angle 
| EY ils direction is equal to the power mulliplied by its diſtance, and 

L. of its direction. 1 X WCxXS. DH van XPCXS. EPC. 


For the power and we Pn will be in equilibrio if they be 
ſuppoſed to act at E and D; and by ax. 14. it is the ſame 
thing whether they act at E and D, or at P and V. Allo by 
trigonometry, WC; S. I= DC, and PEx S.P==CE." 


Cor. 3. Hence univerſally, if any force be applied to a Lewd ts 
effect in moving the lever will he as that force multiplied by the 
diftance of its line of direction from the center of motion. Or the 
effe is as the force ty its diſtance from the center, and by ihe 

ine of the angle of its direction, PX PCXS.P. 


Cor. 4. If {Wo bodies be in equilibiis on the lever, _—_ weight 3 
1 reciprocally as its diſtance from the center. 


Cor. 6. In the ſtraigb lever when the weipht! and power are in 

equilibrio, and att perpendicularly on the lever or in parallel direc- 

, trons, then of theſe three, the power, the weight, and preſſure upon 
the fulcrum, any one of them is as the diftance of the other two. 


10. For if CP 8 the weight V, then CM, will repreſent 

19. the power P. And in fig. 10, C ſuſtains both the weights, and 

20. therefore the preſſure is Epe and, fig. 19, 20, C ſuſtains the 
difference of the weights, and therei ore the preſſure will be P. 


PROP. 


Seck. III. MECHANIC: POW ERS. % 
P R 0 r. 3 r x 
If ſeveral weights be ſj 1 . 
um e the produs 0 each weight, multiplied by its diſtance from 21. . 
- the centre of motion C, on one ſide, be equal 10 the ſunt of. the X 
like produfFs on the other fide," then they will be in e 5 
And the contrary. AX 5 


For the force of 3 che. to move EF + Bay is as the 
weight multiplied by the diſtance (by Cor. 3. laſt Prop. ); and 
the ſum of the products is as the whole forces, which if they 


be equal, the forces on both ſides are equal, and the lever re- 
mains at reſt, 


A a . 1 A % : 9 4 * * * 1 * 
PROP. XXI. 


Ia bended lever WCP be kept in | equilibrio 83 adfing 22. 
in the directions PB, WA vn, ey to the arms of the lever | 
CP, CW, and if the lines of direction be produced till they meet 
in A, and AC drawn, and CB parallel to WA; I ſay the power 
F, the weight or power M, and the force ating againſt the 
fulcrum C, will be reſpeZively as AB, BC, AC, and in "eſe 
very directions. 


Draw CB, CF parallel to WA, PA, ts the angle WEG== 
WAP =— CBP, and the right angled triangles Wen BCP 
are ſimilar, whence CF: CB : : CM: P:: (by Cor. 2. 
Pr. 19.) power P: wer I. Now ſince (hy as. I WE it is 
the ſame thing to w point of the line of diredion 7 
the forces P, W be let us ſu le 
act at the point of in Won then ſince the point A is 
acted on by two forces which are as CF and CB, or as AB and 
AF, and both theſe are equivalent to the ſingle force AC (by 
Cor. 2. Pr. 7.) ; therefore the fulcrum C is acted on 19 

force AC, Ans by ax. 11. 


Cor. 1. Hence the power. P, the weight M, and the 3 the 
fulcrum C ſuſtains, are reſpe&ively as WC, PC, and PW. That 
is, any one is as the diſtance of the other two. 

For ſince the angles at P, , are right, CA is the diameter 
of a circle paſſing through the points A, P, C, W, _— 

F the 
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1 0. the angle WPC= ac Ach, and the angle CWP = CAP: 
22. - therefore the triangles ABC, M are ſimilar, and AB : BC 
:: WC: CP, and BC: AC:: CP: PW; therefore, &c. 


g Cor. 2. In any lever WCP, the lines of direction of the powers 
PW, WF, and of the preſſure on the. fulcrum C all tend io one 


* point A A 8 
For if not, the lever would not remain in equilibrio. 7 


F 
* 
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23. F AB, CD be two levers moveable about A, and C, and ſome 
force acts upon the end B of the lever AB, in a given direction 

BF, whilſt the lever AB atts b CD at B. If BE be 

drawn perpendicular jo CB, and AE parallel io BF, and if 

theſe levers keep one another in equilibrio, then I ſay, the force 

in direction BF, force againſs DC in direction EB, and the pre- 

ure againſt the centre A, are reſpetirvely as AE, BE, AB. 


For ſince (by Prop. g.) the lever AB acts upon BC at B, 
in the direction EB perpendicular to BC, and the lever CD 
re- acts in direction BE, and (by ax. 19.) the point A is ated 
on in direction BA ; therefore the point B is acted on with 
three forces, BF the force applied at B, and BE the re- action 
of the lever CD, and AB the re- action of the centre A, and 
AE is parallel to BF, therefore (by Prop. 8.) theſe forces are 
E eee 


Cor. F two forces BF, BE atting perpendicalar to the levers 
AB, DC, keep theſe levers in equilibrio; the force BE, force 


„ os greſſure at A, are reſpettively as radius, Coſ. ABD, and 
S. ABD. e FR Ob 


For chen EAB is a right-angled triangle, and theſe forces 


are as BE, AE, and AB, that is, as radius, S.ABE, and 
F. AEB, that is, as radius, Coſ. ABD, and F. ABD. + - 


1 
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Tf. AB, BC be two levers moveat le about the centres A and C,r 1G. 
and if the-circles KRM and DBE be deſcribed with:the radii 24. 
BC, BA, and upon the circle BM as a baſe, with the generating 

circle DBE, the epicycloid BME be deſcribed, and the' lever 
C and epicycloid BNE be joined together in that very poſition, /o 
d to make but one continued lever CBNE, and if theſe levers 
(BME and Ah move about the centres C, A, ſo that the end 
Doej the lever AD be always in the curve of the e picycloid DK ; . 
T fay that two equal and contrary forces at D and M, acting per- 
pendicular to the radii DA, KC, will always ken theſe levers" 
in equilibrio. | 
1 e W = ” * N 8 U Ro =} S%% | 4 
For let the levers AB, EBNE come into the poſition 4D, 

CK DF, then ſince the epicycloid X D is deſcribed by the point 

D, whilſt the arch DB rowled upon the equal arch BA, the — 

fore the end D of the radius 4D hath moved through an arch 

BD equal to the arch BK, through which K has moved. There 

fore the points D, K, have equal velocities in any correſpondent 

places, D, K, therefore equal weights H, I, applied to the 
circles DB and BMG will have equal quantities of motion, 

and will therefore keep each other in equilibrio, by ax. 9. 


Cor. 1. Hence if one lever AD move uniformly about the centre 
As, the other CMD will alſo move uniformly about its center C, 
and the arch BD deſcribed by D will be equal to the arch BK 


. Gor. 2. Il is the ſame thing whether the lever AB af againſt 
the convex or concave ſide of the lever CMD, provided the end D 
be always in the curve KD. "TAB wp ON Lon vir 7 
"BEE. ELD FUSS 1 COLORS Rey at 47 a 
Cor. 3. After a like manner, if BE be an epicycloid 2 25. 
within: the circle BRM, by the generating circle BD, dud the 
lever CBE be compounded of the right line CB and the epitycloid 
BE, then the levers CBE and AB, by equal forces ating at B, 
will keep one another in equilibrio in any poſition, as CK Fand AD. 
For when AB is come to AD, and CBE to CRD, then the 
arch BK — arch BD, whence the weight or forces acting at 
the diſtances, CB, AB, have equal velocities, and therefore will 
fuß „ „ et 
aer . G., 
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*"* 7 106. he 4. If BG be infinite, or (which,is the ſame thing) if BK 
4 26. be a right line perpendicular 10. AB, then BE or ADF will be the 
: common . erefore whilft the point D moves uniformly about © 
. ite centre A, the point N will mou uniform!y along the right line 
0 BK; and with equal velocities and forces ; the point D in the mean 
1 tome ating upon the cycloidal toom KD. And any r böte 
10 farces will ſuſtain one another. 
+4 27. In like manner, if BA be infinite, or + BD a right bin Nr 
1 . cular to BC, then BE or DK will be an epicycloid generated by 
| RM the tangent DB tevokving on the circle BA,, and the velocities A | 
; 1 4 in —_ 2 BK, and of D in the right line B D, will be 
\ 3 RR en will be OTH ©. at B, in all PO * 
. 28. Gr. 5. If the figure of the tooth e 4 at the end of the ive 
„ AB, be given, and the epicycloid BE be deſcribed as before, and 
30008 2 the levers AB, CB, le made io revolve about their centres A, 
1  thet tb point B always move in the epicycloid BE or KD ; 
„ if the aw of the extreme points of the tooth be marked out 
1 5 plane of the cycloidal tooth,” as at ggge, or at funnne'; 

1 WI and endif the © th pr Da be cui away, ibe tooth be to act on the 
. the e picycloid ; or ſur Du M, if on the convex fide ; 
„ — "of the — revolve ſo that the tooth move along the curve 
1 ge or nn, the points D and K of the levers AB, CD, will noue 
112, 0m with equal velocities, in the arches BD, BK, as before. 1 the 
11/68 fixt point B in the tooth will ſill deſcribe the Fe. 

F 29. Or. 6. If the two epicycloids BE, BO be deſcribed upon BM; 

1 BL with the generating circles BD, BK, and the levers AB, p 

00 CB, revolve about the centres A, C, fo that the point B or D of 

. the lever AB move along the epicycloid BE or MD; iben the 
„ point B or K, of the lever. CB, will at the ſame lime mouse along 
* 6:08 the epicycloid BO or DKT, and tbe points D, M, will deſcriùs the 
„ equal arches BD, BK, and therefore it is the, "ſame thing, on which 
{ir lever the cyclaidal tooth ze placed, or whether on one or both. © 
I . e epicycloid DAT generated on DB, will paſs through 


K, if BD = BK; alſo the epicycloid KDS, generated u 
| KB, vi paſs through P. when BK-=x BD. 4 FI) 
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24. The levers AB, GB are ſuppoſed only to act e one ano- 
2 8. ther, below the line AC, for was the action 1 to be 
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Set. INT, MECHANIC POWERS. * 
continued above the line AC, che point & would no longer a& f 1 c. 


on the ſame, but on a different epicycloid, and the equality of 24. 
motion would hold no longer. V e 


PROP. XXIV. 


In the wheel and axle, if the power P be to the weight W, as the 30. 
diameter of the axle EF where the weight ats, to the diameter 
e the wheel AB, where the power alls, then the power and 
weight will be in equilibrio ; and the contrary, 


For let AB be the wheel, CD the axle, and ſuppoſe the 
wheel and axle to turn once round, then it is plain the power 
P will have deſcended a ſpace equal to the circumference of the 
wheel, and the weight will have riſen a height equal to the 
circumference of the axis; therefore velocity of P to velocity 
of : : as circumference of the wheel, to circumference of the 
axis : : or as diameter of the wheel, to diameter of the axis: : * 
that is (by ſuppoſition) as # to P; therefore the motions of 
P and W are equal, and have equal forces to move each other ; 
and therefore (by ax. 9.) will remain in equilibrio. _ 

This Prop. will appear otherwiſe ; for the wheel and axle 
may be reduced to a lever of the firſt kind ; for the fulcrum 
will be in the middle. of the axis CD;. therefore drawing 
lines from the middle of the axis to the power and weight, pa- 
rallel to the horizon, and the radius of the wheel will be the 

diſtance of the power, and the radius of the axle the diſtance 
of the weight; and as theſe radii are reciprocally as the weight 
and power, therefore (by Prop. 19.) they will be in equilibrio, 
and thus the wheel and axle is no more than a perpetual lever. 


Cr. 1. If the rope bave any ſenſible thickneſs, then if the power 
P: weight :: diameter of the axle ++ the diameter of the rope: 
diameter of the wheel where the power acts, they will be in equi- 


librio. 
For the weight really hangs half the thickneſs of the 
beyond the axle. ; | Sig 


Cor. 2. If the direQion of the power is not @ tangent 10 the 31. 
wheel, ſuppoſe it to aft at D or d, and let CA be perpendicular to 
the lie of direction then if P.: V:: CB : CA, then they will 


Cor. 


be in equilibrio, by Cor. 2. Prop. 19. 


| N. 
7 
* 


0. r. 3. If the :wbeel:and. axle,” one or both, have teeth, then if 


32 
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the per Packing on the teeth. at B, be 10 the weight W atting 


on the 1 at A, as the diameter of 4 the axle al A, to the diameter 


1 of the wheel at B, then the wheel is in equilibrio. 


l of ibe weigh . 


Cr. 4. And it is the Same thing if inflead of a wheel there be 
only ſpokes fixed in the axis, whoſe lengih is equal to the radius of 


the wheel, and any other equal 2725 be applied for a power in- 


* 


Gr. . Tbe 2 of the wende is | increaſed ꝛoben one or more 


ſpires of the rope is folded about the axle; for that, in effect, 
auge the . of the Axle. 


Cor. 6. I matters not 1 low the e hangs, for J 
the axle remains the ſume the ręſiſtance of the weight remains the 
Hm, Jang Ne de the Ce: * the N 


R Or. XXV. 


. Let NBD, MB. be two toothed wheels in the 1 plane, and if 
the teeth of the wheel AM be the epicycloids AE, kd, KD, de- 
ſeribed on the baſe RBM, with the generating circle BN, and 
theſe teeth all equidiftant, and if B, d, D the ends of the teetb 

of the wheel NBD be alſo equidiftant, and theſe diſtances Bd, 


dD equal to Bk, kK ; then I ſay the points of the teeth B, d, | 


D, will all aft together, on the cycloidal teeth BE, kd, KD, as 


the wheels turn round ; and any points D K, will move through . 


equal arches BD, BK in equal times. 


Draw the radii AD, Ad, ad CK, Ck, then AD and CRD 
may be confidered as two levers moving about A, C, and acting 


on one another in D; and the ſame of Ad, Ckd, acting at d. 


But by the motion of the wheels BD, BK, ſuppoſe D always to 


be in the epicycloid KD, then (Cor. 1. Prop. 23 23.) will BD 
BA, and ſince Dad = Kk, rene, — Bd will be = Bk, and con- 
ſequently (by Cor. 1. Prop. 23.) the point 4 will be in the 
epicycloid xd. And thus if there be never ſo many teeth B, a, 

D, &c. they will always be in the curves of the epic cloids 
BE, kd, KD, Sc. therefore the e teeth either 20 


all at 
once 


n 
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N 


% 
5 
of 


once upon one another, or they act not at all. And as they 1 G. 
velocities of any points are equal in the two wheels BD, BK, 33. 
when only one tooth acts upon one, they will ſtill be equal, 

if never fo many ict together. 


N 
ns 
2 

Ta 
1 

Au 
A 

; 4 
by 
4 

Ne 


Cor. 1. ce any equal weights or forces applied to the circum. 
ferences of theſe two. wheels, as at B, and ating one againſt the 
otber, will keep theſe wheels in equilibrio. Likewiſe it is the ſame 
thing whether the wheel AB drive the wheel CB, its teeth acting | 
upon the concave fide of the cycloids, or the wheel CB drive AB, x 
the convex fide of the cycloid acting againſt the teeth of AB. 


Cor. 2. Hence, inſtead of the points. B, or the. infinitely ſmall 34- 
teeth of the wheel AB D, if any ſort of a tooth rs be placed at B, 
and if the wheels be made io move abou! ſo that the given point B 
may deſcribe the epicycloid BE or KD, whilſt the track of the ex- 
treme points of the tooth is marked out as KeD, MD, and the 
ſpace KeDFf be cut away, and the ſame be done for all the other 
teeth, being equidiſtant and of the ſame form and bigneſs; then 
if one of theſe wheels is ſuppoſed io drive the other, by theſe tes ih 
running in the ſpaces DfKe, I ſay the circumferences of theſe tobeels 
will move with equal velocities, and all the working teeth will act 
togetber. This is evident, becauſe the points B, D, will by this . 
motion deſcribe the epicycloids as before. 


* Cor. 3. If the epicycloid BY be deſcribed on. the taſe KH, 35+ 
wilh the generaling circle BD, and a portion of the epicycloid be 
placed at equal diflances B, L, K, for teeth, then the teeth of the 
wheel A atting againſt the cycloidal teeth twill make the motion equal 

in the tipo wheels, where we may lake as great a portion of the 
cycloid as we will, and the fides BO, LI, which act not, may be 

of any figure, not to binder the moiton of the teeth of A; and id is 

the ſame thing what part of the tooth LO the toath G acts againſt. 


Cor. 4. But the teeth ought not ſo ad upon one ano her before 
they arrive al the line AC, which joins their icenir''s; and though the 
fide BO of the tooth may be of any form, yel il is better io make them 
both fides alike, which will ferve to make the wheels turn back- 
wards ; alſo a part, as por, may be cul away on the back of every 
tooth, 10 make way for thyſe of A: and the more teeth that work 
together the beiter, at leaſt one tooth fbould always begin before 


It is demonitrated by Camus (Cours de Vathematique, tom. 2, p. 349, Fd. 

1767) that the teeth of the two wheels ſhould have the figures of epicycl6ids, 

but that the generating circles of theſe epicycloids ſhould have their diameters 
only the half of what Mr. E, here makes them. H, 


tbe 
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r 1 6. the other bath done working. The teeth ought to. be diſpoſed in 
, 35+ ſuch manner as not to trouble or hinder one another before they 


36. 


begin to work, and that there be à convenient length, depth and 


thickneſs given them, that they may more eaſily diſengage themſelves, 
as well as for ſtrength. 


PROP. XXVI. 


Iu a combination of wheels with teeth, if the power P be to the 
weight M, as the produ? of the diameters of all the axles, 
pinions, or trundles, to the product of the diameters of all tbe 
wheels, they will be in equilibrio. | 


For by Prop. XXIV. 


The power P acting at A : force on B : : diam. B: diam. A, 
and force on B or C: force on D: : diam. D: diam. C, 
and force on Dor E: weight Wat F:: diam. F: diam. E. 
| Therefore ex equo, | 
Power P: weight VT: : product of the diameters B, D, F: 
to the product of the diameters A, C, E. 


Cor. 1. In a combination of wheels going by cords, if the power 
P be to the weight , as the produit of all the diameters of the 
axles, B, D, F, to the produtt of all the diameters of the wheels, 


A. C, E, they will be in equilibrio. 


For the cords ſupply the place of teeth. 


Cor. 2. In any combination of wheels with teeth, if the power 
P be to the weight W, as the diameter of the axle F where the 
weight alls, multiplied into the product of the teeth in each pinion 
or ſpindle, is ts the diameter of the wheel A, where the power alts, 
multiplied by the product of the teeth in each of the wheels (that the 
pinions act againſt) ; the weight and power will be in eguilibrio. 

For the number of teeth in each wheel and pinion that act 
againſt one another, are as the circumferences or as the dia- 
meters of that wheel and pinion. 


Cor. 3. And bence alfo, if the power be to the weight, in a 
ratio compounded of the diameter of the axle F, tobere the weight 
acts, to the diameter of the wheel A, where the power afts, and 
the ratio of the number of 1eeth in the firft axle (B), reckoning 
from the potwer, to the number of teeth in the ſecond wheel (C, 
and of the number of teeth in the ſecond axle (D), to the number in 
the third wheel (E), and fo on till the laſt; then they will be in 
equilil rio. ; Cor. 
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Cor. 4. In a combination of wheels, the number of revolutions of FI G. 


the wheel F where the weight ads, to the number of revolutions of 
the wheel A where the power acts, in the ſame time, is as the pro- 


36. 


due of the teeth in the" pinions, to the produt7 of theteethanthe. © * 


wheels. which ac in them; or as the produt# of. the diameters of -: 


the pinions, to the product of the. diameters of the. wheels." 
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Wheels with oblique teeth come under the fas rules ; but 


as they are related to the ſcrew, we refer you t 
ther account thereof. e eee | 88 

In wheels whoſe teeth work together, they ſhould not en- 

counter before they come to the line joining their centres ; be- 

cauſe the 9 is greater on that ſide; but being paſt the 

line, the teeth li 

eſcape, ſo that the friction is very inconſiderable. 


ither for a far- 


PROP. XXVII. 


If a power ſuſtain a weight by means of a rope going over a fixt. 
pulley, then the power is equal 10 the weigh: but if the pul 
be moveable together with the weight, and tbe other end of the 
rope fixt, then the power will be but half the weight. 


For fuppoſe a horizontal line AB drawn through the centre 


of the pulley C; then that line will repreſenta lever, and (in 


fig. 39.) where the pulley. is fixt, the centre C being im- 
— — fulcrum, whilſt the weight — B, 
and the power at A. And becauſe BC=—= CA, therefore (by 
Prop. 19.) the power P is equal to the weight W. 

And (in fig. 40.) the fixt point B is the fulcrum, and the 


weight acts at C, and the power at A; and fince BCis half 4B, 


therefore (by Prop. 19.) the power P is half the weight #. 


Cr. Hence all fixt pulleys are equivalent to levers of the firſt. 


kind, And they add no new force to the power, but only ſerve 10 
change the direction, and facilitate the motion of the rope: but a 


moveable pulley doubles the force. And if a rope go over ſeveral . 


pulleys, A, B, C, whoſe blocks are all fixt ; the power is neither 
increaſed nor drmimſhed, =» ro vole a 


G "PROD 


p eaſily along one another, in making their 


39. 


41. 
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rI 0. Ins combination of pulleys ald 8 8 If the 
42. porver F be iv tbe” M, at 1 to the number of parts of 
the rope at abe moveable block 4, "they will be in equilibrio. | 


For (by ax. 18.) all the of the rope m, o, u, r, 5, l, v, 
are equally ftretched, and the weight is ſuſtained by the 
number of ropes that act againſt the moveable block, and the 
rope v or the power P acts As with the force of one or unit; 
therefore the power is to the 1 as 1 to an number of 
ropes pulling at the moveable block A4. | 


Cor. Hence the power is to the force Fr which the. immoveable 
Block B is drawn, as 1 to the number 4 5 atting ale that 
immoveable block, 


PiR'Q-P. .'. . 


5. In be ſerew, if the power P be to the weight M, as the height 
+ of ane thread ( reckoned according io the length of ibe ſcrew), 
10 the circumference deſcribed by one revolution 8 the power, 


then they. won be in equilibrio, 


For the weight riſes the height of one thread, whilft the 
power deſcribes the circumference whoſe radius is PC. There- 
fore the velocities of the power and weight are reciprocally as 
their quantitieg : d their motions are * and _ 


are in equilibrio. 


Cor r. Wb or Jerperna] ſcrew AB, having one worm, 
leafy, or: tooth, which drives the teeth of the wheel CD, if you take 
the d.ftance of recs threads inube ſcrew AB, according to the length | 
of the axis AB; or the diſtance .# 1300 teeth in the wheel CD, in 

aii ion of the circumference, and i a weight W ad᷑ at the cir- 
| cumference of abe cob“ CD ; then if the P, be to ibe 
V, as that diftance (of the teeth or threads) to the length - 
NE & the power P, in one revolution, "they are in equi- 


For in one revolution of P, the wheel DC with the weight | 
. has ai the diſtance of one tooth. 


— 


Cor. 
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upon the axis AB, and the weight & bangs upon the axle EF, 


then if the power P, is to the weight G : : as the radius of the © 


43 
Cor. 2. And univerſally, if therebe ſeveral worms or ou leaves, FIG. 


axle EF ve number of worms in AB, to AP Ye unmber of derb un 


then the power and weight are in _equilibrio." Fur by Cor. 

— hang Vl n be the number of worms, then P :*G 5: nix 
EF: AP x teeth in CD. | DEBT EL ng kn, 

Cor. 3. And by reaſon of the obliquity of the teeth," the force 

acting cular to the teeth, the lateral force perpendicular 10 

the wwbeel, and the direct force in the plane of the wheel; will. be 

reſpectively, as radius, the ſine, and coſine of the obliquity of the 
teeth . z 


For let GD be the fide of a tooth acted on; GE patallel to 
the axis of the wheel, and DE perpendicular to it, or in the 
plane of the wheel. Now if G repreſent the force acting 
perpendicular to the tooth, then DE, GE will be the forces 


acting in the directions GE, DE, (by Cor. 1. Prop. 8.) but if 


GD be radius, DE is the fine of the obliquity, and GE the 
coſine. 


Cor. 4. In the common ſerew, the leſs the diſtances of the threads 


are, and the longer the handle is, the eaſier any given weight is mo- 
ved. | 

Cor. 5. What is here demonſtrated, wall bold equally true, if the 
wheel CD af upon another wheel with oblique teeth, inflead of the 
worm AB, 


* 
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The force of the ſcrew reſembles the force that drives a body 
up an inclined plane; the force acting parallel to the baſe of the 
plane. das 
All things here laid down relating to the perpetual ſcrew, 
do ſuppoſe that the axis of the worm-ſpindle lies in the plane 
of the wheel it works in, and that their axles are perpendicu- 
lar to each other; but if they are oblique in poſition, and the 
teeth of one or both alſo oblique, they cannot work without 
loſs of power; a part being loſt proportional to the obliquity. 

If any worm-ſpindle contains one leaf or worm, then a 
ſpindle of twice the diameter will require two worms, and one 
of thrice the diameter, three worms, &c. to work in the 
Tame wheel; and the power is beſt eſtimated by the riſe or 
fall of a tooth of CD (fig 43.) for a revolution of the power P. 

/ G 2 PRUP. 


pe. : : MECHANIC POWERS. 
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45+ Let E be the back or baſe of a wedge in form of an iſoſceles 

| triangle, then if the power acting perpendicular to the back FG, 

is to ibe force or reſiſtance atting againſt either fide, in a direc- 
tion perpendicular to that fide ; as the back of the wedge FG, to 
ettber , the ſides EF, EG : then the wedge is in equilibrio ; or, 
which is the ſame thing, the power is to the ae reſiſtance 
againſt both fides, as the back FG, to the ſum of the ſides EF, 


For draw the axis ED perpendicular to the baſe FG, and 
CA, CB pe icular to the ſides EF, EG, then DC is the 
direction of the power. And (by Prop. .) the impediment to 
be removed, acts againſt the wedge in the directions AC, BC; 
and therefore (by Cor. 1. Prop. 8.) the power, and the actions 

of the impediment, are as FG, FE, EG reſpectively, when 
they are in equilibrio. | . 


; 4%. Cor. 1. The power afing perpendicular to the baſe, is to the 
| force acting againſt either ſide, in direction parallel to the baſe FG, 
or perpendicular to the axis DE, as the baſe FG, to the beight 
ED, when the wedge is in equilibrio ; or the power is to the 
whole force againſt both ſides (in direction parallel lo FG) as the 

back FG, to twice the beight DE. 
For the force EG may be divided into the two ED, DG (by 
Cor. 3. Prop. 7.) Then ſince (by this Prop.) EG is the force 
2 7 direction CB, ED vill be the force acting in direc- 

tion DG. | 


Cor. 2. The ſharper the wedge, or the more acute its angle, the 
eaſier it will divide any thing, or overcome any reſiſtance. 
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The deſcent of bodies upon inclined planes, and in 
curve ſurfaces; and the motion of pendulums. 


oy 


PROP. XXXI. 
Fa heavy body M, be ſuſtained upon an inclined plane AC, by a*F 1 G. 


power acting in a direction parallel to that plane, then 46 
The weight of the body, the length AC, 
The power that ſuſtains it, _ the height CB, 


And its preſſure againſt the plane, { and the baſe AB, 
Are, reſpectively, as I the plane. 


Draw BD perpendicular to AC; then the force of gravity 
tends perpendicular to the horizon, or parallel to CB, and the 
direction of the power is parallel to DC, and the preſſure againſt 
the plane is (by Prop. g.) parallel to DB; and therefore their 
quantities are reſpectively as the three lines CB, CD, BD, (by 
Prop. 8); that is, by ſimilar triangles, as AC, CB, and AB. 


Cor. 1. The weight, power, and preſſure on the plane, are re- 
ſpecfively, as radius, tbe fine, and coſine of the piane s elevation. 

= the fides of a triangle are as the fines of the oppoſite 
angles. | 


Cor. 2. The relative weight of a body, to make it run down an 
inclined plane, is as the beigbi directiy, and length reciprocal ly, 


BC 1 a 
e 7 11 15 as the ſine of the plane's elevalion. 


Cor. 3. If a cylinder be ſuſtained upon an inclined plane, by a 47. 
power drawing one end of a rope parallel to the plane, whilſt the 
other end is fixed, this power is to the weight of the cylinder, as 
half the height to the length of the plane. ; 

For half the relative weight of the cylinder is ſuſtained by 
the other end of the rope which is fixed. | . 


46 


46. 


48. 


49. 


DESCENT or BODIES 
SCHOL. 


FIG, If it be required to find the poſition of the gw AC, whoſe 
46. ht 


height BC is given, ſo that the given wei may be raiſed 
through the length of the plane AC, in the leaſt time poſſible, 
by any given power P, acting in the direction DC; make AC== 


. X BC, and you have your deſire. 


PROP. XXXII. 


Fa heavy body W be ſuſtained upon an inclined plane AC, by a 
power acting parallel to the horizon, then, 2 


The weight of the body, the baſe AB, 

The power that ſuſtains it, | the beight CB, 
The preſſure againſt the plane, and the length AC, 
Are, reſpectively, as of the plane. 


For the body is ſuſtained- by three forces, the power, the 
gravity, and re- action of the plane; the weight is perpendicular 
to AB, the power is perpendicular to CB, and the preſſure is 
1 to AC. Therefore (by Cor. 1. Prop. 8.) theſe 

es are as AB, CB, AC. 1 


Cor. Hence tbe preſſure on the plane, the power and the weight, 


are reſpectively as radius, the ſine and the coſine of the plane's ele- 
Dalton. | 


PROP. M 


Fa heavy body W be ſuſtained upon an inclined plane AC, by a 
power P acting in any given direction WP ; and if BED be let 
fall perpendicular on W P, then, 

Power P, DB, 

Weight of the body MV, (| AB, 

Preſſure upon the plane, AD. 

Will be, reſpectiveiy, as EL 
or 
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For ſince BD is pe perpendicular to the direction of the power, x 1 C. 


AB to the direction of gravity, ad AD to the direction of the 
preſſure on the plane; therefore 4s, 4 1. Prop. 8.) theſe 
forces will- be —— as BD, AD, when they a are in 
—_— 


. be power, ks and 2 . tbe plane, are 
reſpedively as the ſine of the plane's elevation, coſine of the angle of 
traction CWP, 05 ihe Mine . the diretion” * the Fwy yr ae 
* 4p ONES | 


Te Angle of ration is. den hs thiat 40 direction of rad 


power makes with the plane. And in the triangle ABD, the 


ſides are as the ſines of the oppoſite angles, where / Dis 
N 22 of DIV P. = 


Gor. 2. Hence wherhey the fink of dirt Bit of the Power be le. 
dated above, or depreſſed below the plane, if the angles of traction 
be equal; equal powers will ſuſtain the weight ; but the preſſure is 
greater ꝛcben the line of dfreenon runs A ihe 2 | 


Cor. 3. The power P is leaf when the line of direction is parallel 
10 the plane, and infinite when perpendicular to it, and equal to 
the weight, oben perpendicular to the borizon. | 


Cor. 4. Va weight upon an intlined Hai be in equilibii'n with 


another hanging freely, their perpendicular velocities will be rect= 


e as their quantities of matter. 


For let the weight. be made to deſcend to A, ey gene 


Ir perpendicular to AE, and Wt, De to AB, then the weight 


P will have aſcended a height Ar, which is its £2 agen, 2 
aſcent, and V is the perpendicular deſcent of i. The figures 


Arwt and AEDv are ſimilar, as are alſo the triangles AEB, 


DoB. Whence Wi: Ar : : Dv : AE : : DB : AB: : (by this 
Prop.: Yo Yon; 51 63 77.40 


Cor. 5. And therefore if any to bodies be in equilibyio upon ttvo 


inclined planes, their perpendicular — will be reciprocally as 
their quantities of matter. 


PROP. 
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{36 PROP, XXXIV. 


Theſpace which a body (deſcending from reſt ) deſcribes upon an in- 
clined plane, is to the ſpace which a body falling perpendicularly: 
deſcribes in the ſame time, as the height of the plane CB to iis 

AAA tris orien han dg as 8 

The force where with a body endeavours to deſcend upon an. 

inclined plane is equal to the power that ſuſtains it, and (by. 

Prop. 31.) that power is to the weight of the body as CB to CA. 


Therefore the body is urged upon the plane, by an uniformly 


accelerating. force, which is to the force of gravity as CB to CA. 


But (by Prop. 5.) the motion generated in the ſame time and 
in the ſame body is as the force, that is (ſince the body is given) 
the velocity is as the force. And (by Prop. 3.) the ſpaces 
uniformly deſcribed with the laſt velocities will be as theſe velo- 
cities; and (by Cor. 1. Prop. 6.) theſe ſpaces are double the 
ſpaces deſcribed by the accelerating forces. Therefore the ſpaces 
deſcribed on the plane and in the perpendicular, are as the laſt 
velocities, or as the forces, that is as CB to CA. 


Cor. 1. Hence if BD be let fall perpendicular to AC, then in 
the time a body falls through the height CB, another body, deſcend- 
ing along the inclined plane, will run through the pace CD. 

For theſe ſpaces are as CA to CB, that is, as CB to CD, by 


ſimilar triangles. 
Cor. 2. The velocily acquired upon an inclined plane, is to the 


velocity acquired in the ſame time by falling perpendicularly, as CB 
to CA, or as CD to CB. | 


Cor. 3. "The ſpace deſcribed by a body moving down any plane in 
a given time, is as the ſine of the plane's elevalion. 


For if CB be given, CD is as the fine of CBD or CAB. 
Cor. 4. The ſpaces deſcribed by a body deſcending on any given 
plane, are as the ſquares of the times. 


PROP. 
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Set. IV. own INCLINED. PLANES. 4 
. PROP. XXXV. 7 
The time of a body's deſcending through the plane CD, is to the x 1 _ 


time of falling through the perpendicular height CE as the length 51. 
of the plane DC, io the beight CE. ; : 


For DE, AB being perpendicular to CB, and BD to AC. 

the time of deſcending through CD or the perpendicular CB : 

time of deſcending through CE : : (by Prop. 14.) C;: y/CE: 
CD: CE. OR. | 2 | 


Cor. If the body be made to move back again with the velocity 
acquired in deſcending, it will aſcend to the ſame height on the plane, 
and in the ſame time. "IL 

For it will be uniformly retarded in aſcending; and in all 
points will have the ſame velocity in aſcending as deſcending. 


SCHOOL 


Since the force by which bodies deſcend down an inclined 
plane, is a uniformly accelerative force ; therefore whatever is 
demonſtrated of falling bodies in Sect. II. holds equally true, 
in regard to the motion of bodies upon an inclined plane; ſub- 
ſtituting the relative weight upon the plane, inſtead of the ab- 
ſolute weight of the body. 

Hence therefore a body projected on an inclined plane will 
deſcribe a parabola. And if the velocity of projection upon 
the plane, be to the velocity of a projectile in the air, as the 
relative gravity on the plane, to the abſolute gravity, and 
both projected at the ſame obliquity, the ſame parabola will 
be deſcribed in both caſes. | | 


PROP. XXXVI. 


A body acquires the ſame velocity in deſcending down an inclined . 
plane CD, as by falling perpendicularly through the height of that 


plane CE. 


For draw DB perpendicular to CD, and the bodies will deſcend 
through CD, BC in the ſame time; then (by Cor. 2. Prop. 34.) 
| H velocity 


5 


51. 


| 


52. 


1 


or DB, is as the lengib of the cord. 


DESCENT or BODIES 
1 1 C. velocity in D: velocity in B:: CE: CD, and (Cor. 1. Prop. 14.) 


velocity in B: velocity in E:: / CB: CE :: CD: CE. 
Therefore velocity in D: velocity in E:: CE : CE, and there- 


W on „ 1 


fore the velocities in D and E are equal. 


Cor. 1. A body acquires the ſame velocity in falling from any 
beigbt, whether it falls perpendicularly, or down an inclined plane 
of equal height. | 


Cor. 2. Hence the velocities acquired by beavy bodies falling from 
the ſame height, to the ſame horizontal right line, on any planes 
whatever, are equal among themſelves. 


Gor. 3. If the velocities be equal at any two equal altitudes D, E, 


they will be equal at any other two equal altitudes A, B, and ac. 
quire equal increaſes of velocity in paſſing through EB, DA of equal 


erghls. 


Cor. 4. The velocities acquired by deſcending down any planes 
whatever are as the ſquare roots of the heights. 


P tO ÞP, xx. 


In a circle whoſe diameter CB is perpendicular to the horizon, a 
body will deſcend through any cord CD or DB, in the ſame time 
as it will deſcend perpendicularly through the diameter CB. 


For the angle at'D is right; therefore (by Cor. 1. Prop. 34.) 
the time of deſcending through CD will be equal to the time 
of deſcending perpendicularly through CB. Draw CE parallel 
to DB, then will CE be equal to DB; and a body will deſcend 
through the cords CE, DB in the ſame. time. But the time of 
deſcending through CE is the ſame as falling through the dia- 
meter. Therefore the time of deſcending through any cord 


CD, DB, is the ſame as falling through the diameter CB. 


Cor. 1. The times of deſcending through all the cards of a circle, 
drawn from either point C or B, are equal among themſelves. 


* Cor. 2. The velocity acquired by deſcending through any cord CD, 
For 


Sed. V. a INCLINED PLANES, 


SI 


For draw DF perpendicular to CB, then D. NE o. 


and D CB x BF; and (by Prop. 37 a body acquires 
the ſame velocity in deſcending through CD, asinfalling throu 
CF, but this (by Cor. 1. Prop. 14.) is as CF, that ig as C 
Alſo a body acquires the ſame velocity through DB'as FB, and 
that is as / BF, or as DB. nnn 
Cor. 3. But a 27 will deſcend ſooner through the ſmall arch of 
a circle, than through its cord T8. 
For if BG, TG be two tangents, then the relative gravity 
at T in the arch and cord, will (by Cor, i. Prop. 31.) be as 
the ſines of the angles 760, TBO, or as BT and TG or BG, 
that is nearly as 2 to 1 when the arch is very ſmall. And the 
accelerative force in the circle being double to that in the cord; 
therefore the velocity will be greater in the arch, and the time 
of deſcription ſhorter, though their lengths are-nearly the ſame. 


PROP. XXXVIH. 


If a body deſcends freely along any curve ſurface, and another body 


deſcends from the ſame height in a perpendicular right line, their 
velocities will be equal at all equal altitude. . 


Leet a body deſcend from A towards C perpendicular to the 
horizon BC, and another deſcend through the curve ſurface 
AKB ; divide AC into an infinite number of equal parts, at 
the points D, E, F, Sc. to which draw lines parallel to BC, 
interſecting the curve in J, K, G, Sc. then the curve line AKB 
will be divided into an infinite number of parts, IX, KG, Sc. 
which may be taken for right lines; or the curve ſurface into 
an infinite number of planes, joining at J, K, G, Sc. 


Now. if the velocities be ſuppoſed to be equal in any corre- 


ſpondent points as I and D, then (by Cor. 3. Prop. 36.) they 
will be equal in & and E, after the deſcent through IK; and 
being equal in & and E, they will alſo be equal in G and E, 
after the deſcent through KG, and ſo on. Therefore ſince the 
motion begins in A, they will acquire equal velocities in de- 
ſcending through the firſt plane, and likewiſe through the 2d, 
3d, 4th, Sc. And therefore the velocities will be equal in all 
correſpondent points I and D, & and E, G and F, Sc. and at 
B and C. | FR | | YR 
H 2 Cor. 
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and the time of deſcribing any ſpace, is as the ſpace directly 


; DESCENT ot 'BODIES 


r 10. Cor. 1. Therefore if a body be ſuſpended by a fring, and by 
53. ofcillating deſcribes any curve AB; or if it is any way forced to 


move in any, poliſhed, and perfetth ſmooth ſurface AB, whilſt ano- 
ther body aſcends or deſcends in a right: line ; then if their veloci- 


ties be equal at any one equas. altitude, they will be equal at all 
other equal allitudes. 


For the ſame thing is effected by the ſtring of the  pendulous 


body as by the ſmooth ſurface of a 'polihed body. 


Gr. 2. Hence a ; body ofcillating i in any curve line enen! ac 
quires the ſame velocity in the curve as if it had fallen perpendi- 
cularly from the ſame height. And therefore the velocity in any cnt 
of the curve is as the Square root of the dener deſcended werent: 


v. 3. * a Body after ts * ns any kay will 


aſcend to the ſame height in a ſimilar and equal curve, or even in any 
curve whatever. And the velocities will be equal at all equal alti- 
tudes. And the aſcent and deſcent will be in the ſame time, if the 
curves are the fame. 

For the forces that generated the motion in deſcending, will 
equally deſtroy it in aſcending, and therefore they will loſe equal 
velocities. by aſcending. equal heights. And if the curves are 
ſimilar and equal, every particle of the curve will be deſcribed 
with the ſame velocity, and therefore in the ſame time, whether 
enn or deſcending. 


Gb @ Te Prop. is equally true, whether the. curve AKB be 


in one 2 Wh perpendicular to the horizon, or in Wen Raves I. 
40. Sc. winding t in nature of a ſpiral. | 


P R 0 P. XXXIX. 


The | e a e ard two ſimilar parts of e cures, are 
| in the 1 ratio of their n ab, AB. 


Divide both curves into an equal number of infinitely ſmall 
parts, ſimilar to each other; = tet bc, BC, be two of them, 
ſimilarly poſited; and draw rb, RB, perpendicular to ab, AH. 
By Prop. III. the ſpace deſcribed is as the time and velocity, 


and velocity reciprocally. By Cor. 2. Prop. 38. the velocities 
| in 
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53 


in 3 and B are as rb and N that is becauſe arb, ARB r1 6. 
are ſimilar, as / ab and / AB. Therefore the time of de- 54. 


1 b | 0 * 3 bc - 18 dd 
ſcribing 5c : to time of deſcribing BG: : 7 — 5 


b e VAB:: VT: Ab, becauſe the 


val 7 | 


curves are ſimilarly divided. Whence, by compoſition, the whole 
time of deſcribing ab: whole time of deſcribing AB : : is in 


the ſame given ratio of Vab: AB, or yad: AD. 


Cr. 1. Hence if two pendulums deſcribe ſimilar arches, the times 

of their vibrations are as the ſquare roots of their lengths ; or the 

lengths are as the ſquares of the times of vibration. 
For let hd, HD, be the lengths of the pendulums, then be- 


cauſe the figures are ſimilar, it is ad: AD: : bd: HD. 


r. 2. If a pendulum vibrates in a circle, the velocity in the 
loweſt point is as the cord of the arch it deſcribed in deſcending. ' 
For (by Cor. 2. Prop. 38.) it acquires the fame velocity in 
the arch as in the cord; and (by Cor. 2. Prop. 37.) the velo- 
city in the cord is as the cord. | RET 
Cr. 3. The lengibs of pendulums vibrating in ſimilar arches, are 
reciprocally proportional to the ſquares:of the number of their vib ra- 
lions, in à given time. Fav aye?) - rat 


PROP. XL. 


Fa pendulum vibrates in a cycloid, the time of one vibration is 
| to the lime of a body's falling perpendicularly through balf the 
| length of the pendulum, as the circumference of a circle to the 

diameler. Rain, | | 


Let ADa be the cycloid, FD its axis; FGD the generating 
circle. Let the body deſcend from H, and in vibrating deſcribe 
the arch HDh. Divide HD into innumerable ſmall parts, and 
let Bb be one of them. Through H, B, b, draw HMb, BE, 
2%, perpendicular to the axis FD. About the diameter, MD 
deſcribe the ſemi-circle MLD; and from its center O, draw 
L. alſo draw LP parallel to MD, and DE, DG, GE. 

The triangles CDG, GDE are ſimilar, and CD x DE— GD». 
+3 Alſo 
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g. Alſo the triangles Q LN and IAP are ſimilar, and NL : PL:: 

$5. : IL. and 2NL N:: MD: II. And ſince by the na- 

ture of the cycloid, the tangent in B is parallel to the arch GD, 

r therefore Gg is equal and parallel to Bb. VP 

Now ſuppoſe a body to deſcend from E through the inclined 

plane ED; ſince this is à motion uniformly accelerated, there- 

fore (by Cor. 1. Prop. 6.) it would, in the time of its fall, 

deſcribe 2 ED, with the velocity acquired in D. And ſince (by 

Cor. Prop. 3.) the times are as the ſpaces directly and velo- 

cities reciprocally, and (by Cor. 2. Prop. 38.) the velocities 

are as the ſquare roots of the heights; therefore it will be, as 

"TO ROS OT OED Ae ately, a2 io Get is 20A 
time a deſcribing ED: time in Cc : : TB f Ta 

or 2y/ MD: _— : 2% DN MN : M., by ſimilar triangles. 

Again, when the velocity is given, the time is as the ſpace 
deſcribed. Therefore it will be, as time in Cc: time in Bs : : 
Ce: Bb or Gg: : CD: GDor / CDXDE :: CD: y/DE:: 

DNN: IM, by ſimilar triangles. Therefore ex equo, time 

in ED: time in Bb : : 2 MD N MN X DN: NV DM*::: 

24 MN% DN or 2 ML: Nu :: MD: LI. Therefore, by com- 

ſition it is, as time in ED : time in the arch Hb : : MD: arch 

VM. And as the time in ED: whole time in HD : : MD :: 
ſemi-circumference ML D. 

And ſince the time of deſcending through HD is equal to 
the time of aſcending through Dh; and (by Prop. 37.) the time 
of deſcending through ED is equal to the time in the diameter 
FD : and 2FD is — DY, the length of the pendulum (being 
the radius of curvature in D) ; therefore as the time of falling 
through half the length of the pendulum FD : time in HDb, 
or time of one vibration: : diameter MD : circumference 2M LD. 
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Cor. 1. Hence all vibrations great and ſmall are performed in 
equal times. And in unequal arches, the velocities generated, and 
the parts deſcribed, and thoſe to be deſcribed in the ſame time, will 


— 


/ always be as the whole arches ; and in any arch HD, the accelerative 
3 force at any point B, will be as the length BD from the boltom. 
0 For the deſcent through HD is always the ſame, wherever 
5 the point H is taken. Alſo (by the nature of the cycloid) the 
I tangent at B is parallel to GD, and BD=2DG.. And (by 
1 Cor. 2. Prop. 31.) the relative weight on GD (which is the 
4 accelerating force along GD, or the tangent at B) is as 
| = that is as 75 or , Or as => or as BD , becauſe FD 
4 is 
* 


Sect. IV. VIBRATION or PENDULUMS. 


is given. Whence the accelerating" force being always as the * 7 © 


diſtance from the bottom, therefore, in any two arches, the 
velocities generated every moment, and the parts .continually 
deſcribed, will be as theſe forces; that is, as the whole arches : 
and conſequently the ſpaces deſcribed, and the velocities gene- 
rated in any time, will be as the whole arches ; and therefore 
the parts to be deſcribed will alſo be as the wholes. 


Cor. 2. The time of deſcent in HB, to the time of deſcent in HD, 
is as the arch ML, to the ſemi-circumference MD. | 


Gor. 3. The - velocity of the pendulum in any point B, is as 
DH DB, or y HB x BDb. © 

For (by Cor. 1. Prop. 14.) the ſquare of the velocity in B 
is as MN, that is as MD—ND, or Q or DH*—DB: ; 
becauſe DH—2DE, and DB = 2GD, by the nature of the 
cycloid ; and DF is given. 52 


Cor. 4. If the length of the pendulum VD be made double the 
axis FD; and ARV, ar, be two ſemi-cycloids equal to AHD, and 
Jo placed that the vertex (as D) be at A and a, then the pen- 
dulum VH vibrating between the cycloidal cheeks AR, ar, the 
point H will deſcribe the cycloid AHDba, and the time of its vi- 
_ bration will be 3.1416 x time of falling through VD, balf the 
length of the pendulum. 

All this follows from the nature of the cycloid. 


Cor. 5. Hence alſo it appears from experiments on pendulums, 
that at the ſurface of the earth a beavy body will deſcend through 
a ſpace of 16 Engliſh feet nearly, in one ſecond of time. 

or it is found by obſervation upon clocks, that a pendu- 
lum 39,13 inches long vibrates once in a ſecond; therefore 


=time of a body's falling through FD or . inches. 


1 
3-1416 


55s 


And-conſequently (by Prop. 14.) the ſpace fallen through in 


. 29.1 2 . 
1 ſecond will be . * 31 93.096 inches = 16,0913 
feet. Let a 8 vibrating freely will be ſomething longer 
in vibr ting than a clock; becauſe the palate wheel of the clock 
acting againſt it, takes off ſomething from its aſcent, and makes 
it return ſooner, .or. ſhortens the time. 


Cor. 6. Hence alſo if pendulums of the ſame quantity. of .maiter 


and 
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F I G. and any lengths, be atted on by different forces of gravily, their 
56. . will be as the Jarces of gravity, and the ſquares of the limes 
of vibration. 
For the times of vibration are in a given ratio to the times of 
deſcent through half the lengths of the pendulums. And (by 
Cor. 3: Prop. RR. the matter be given, the velocity ge enerated 
in deſcending bodies is as the force and time; and (by Prop. 6.) 
the ſpace deſcended is as the velocity and time, that is, as the 
force and ſquare of the time. Therefore half the length of the 
pendulum is as the force and ſquare of the time of deſcending 
half its length; whence the length is as the force and ſquare of 

the time o vibration. | 


Cor. J. From the motion of pendulums it alſo follows, that in any 
one place the pr, 4 of matter in any body is pr oportional to us 
tocight. 

For it is certain from experience that pendulums of equal 
length, whatever quantities of matter they contain, vibrate in 
the ſame time. Therefore they will deſcend through half the 
length of the pendulum in the ſame time, and conſequently 
would acquire equal velocities in the ſame time. Therefore (by 
Prop. 5j.) the velocity and time being given, the quantity of 
matter is as the force of gravity. 


| Cor. 8. Hence it alſo follows, that there are vacuities or emply 
ſpaces in bodies. For ſince (by Cor. 7.) the quantity of matter 

is as the weight of the body, if it were true that there is an ab- 

N ſolute plenum, all bodies of the ſame bulk muſt be of — 
weight; which is contrary to all experience. 


„ ‚ XI 


57. Ha pendulum AT ofcillates in a circle TR, and in the mean time 
be atted on in the ſeveral points T, by a force tending perpendicu- 
lar to the borizon, which is to the uniform force of gravity, as 
the arch TR is to the fine TN, the times of all vibrations will 
be equal, whether greater or leſſer. 


For from any point T draw TZ perpendicular to the horizon, 
and TY a tangent to the circle in 7; and let AT expreſs the 
Aa force of gravity, T the variable force at T; draw ZY 
| perpendicular 
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rpendicular to TY, then the force JZ will be refolved # 1 6. 
into the two TF, VZ, of which YZ, acting in direction AT, 57. 


does not at all change the motion of the body, but the force 
TY directly accelerates its motion in the circle TR; the tri- 
angles ATN, ZTY are ſimilar, and TZ: TA: : TY: TH, 
but (by ſuppoſition) TZ: TA :: arch TR: TN, therefore 
TY —arch TR: that is, the force TY is as the arch to be de- 
ſcribed TR; therefore if AT, At, be let fall together from 
the points T. 7, the velocities generated in equal times will 
be as the forces FY, ty, that is, as the arches TR, R, to be 
deſcribed ; but the parts deſcribed at the beginning of the mo- 
tion, are as the velocities, that is, as the wholes to be deſcribed 
at the beginning, and therefore the parts which remain to be 
deſcribed, and the ſubſequent accelerations proportional to theſe 
parts, are alſo as the wholes, &c. therefore the velocities- ge- 
nerated, and the parts defcribed with theſe velocities, and the 
parts to be deſcribed, are always as the wholes ; and therefore 
the parts to be deſcribed, being every where as the velocities 
they are deſcribed with, will be deſcribed in equal times and 
vaniſh together; that is, the two bodies oſcillating will arrive 
at the perpendicular AR together. | | E 


Cor. 1. Hence, that the vibrations in a circle may be iſochronal, 
the force TL muſt be = Xgravily. | | 


Cor. 2. Hence if a pendulum vibrates by the force of gravity 
only, the times of vibration, in very ſmall, different arches, will 
be very nearly equal. 


For in ſmall arches the ratio of the arch to the ſine is nearly 
a a ratio of equality. | 


Cor. 3. But the time of vibration in larger arches, is greater 
Iban the time in leſſer arches of a circle. 

For the gravity at T being leſs than the iſochronal force; the 
body will be longer in deſcribing that arch, 


Cor. 4. Hence alſo if a pendulum vibrates in the ſmall arch of a 
circle, the lime of one vibration is to the time of a body's falling 
through twice the length of the pendulum, as balf the circumference 
of a circle to the diameter. | 
For ARis the radius of curvature of a cycloid, whoſe axis 
is 3 AR, therefore the circle and cycloid coincide at R, and 
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x t 6. the ſmall-arches of both will be deſcribed in the ſame time, 


57. that is, as expreſſed by Prop. 40. only here we take twice the 


length of the pendulum and half the circumference, which comes 


to the ſame thing, by Cor. 1. Prop. 39. 


8 . 


In theſe 8 the vibrating body is ſuppoſed to be 
very ſmall, and is therefore conſidered only as a point; but if 
it be of any determinate bigneſs, the point to which the length 
of the pendulum is meaſured, is not in the middle or centre of 


gravity of the body, but in another place, and is called the 
centre of oſcillation, as will appear in the VI. Section. 


It has been proved, that the ſame pendulum is longer in vi- 


brating in a large arch of a circle than in a ſmall one; and it 
may be computed, that if a pendulum vibrates ſeconds in an 


extremely ſmall arch, and C be the length in inches, of the 
cord of any arch A, then 34CC*will be the ſeconds loſt in 24 


hours by vibrating in the arch 24. 


And if a pendulum vibrates ſeconds in an arch 24, and c be 


the cord of a, or of half the whole arch, then 34 K CC—cc 
will be the ſeconds loſt in 24 hours, by vibrating in the arch, 
the cord of whoſe half is C. 3 

Alſo if the bob of ſuch a n can be ſcrewed up or 
down, and you put 2 number of threads of the ſcrew con- 
tained in an inch, y time in minutes that the clock gains or 
loſes in 24 hours, then fit follows by the theory of pendulums, 


that = ny will be the number of threads or revolutions of the 


7 
nut, that the bob is to be let down or raiſed up, to beat ſe- 
conds. | 
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Of the Centre of Gravity and its Properties. 


PROP. XIII. 


If a line be drawn from the centre of gravity of a body perpendi- 
cular to the horizon, and this perpendicular falls within the baſe 
upon which the body reſts, the body will fland, but if it falls 
without the baſe it will fall down. 


CAS I. 


Let C be the centre of gravity, CD perpendicular to the ho- r 1 6. 
rizon, falling within the baſe BEFG, 'draw RC, and ſuppoſe 58. 
the whole body ſuſpended at the point C, then (by def. 12.), 
the body will be in equilibrio, and remain at reſt upon DC; 
now take away DC, and ſuppoſe the body to be ſupported only 
upon the line RC, moveable about R, then (by ax. 8.) the 
body AB, together with the line RC will endeavour to deſcend 
from the poſition RC towards D; alſo for the ſame reaſon 
the body and the line CS will endeavour to deſcend from the 
poſition CS towards D, but as theſe two motions oppoſe each 
other, the body will be ſuſtained by the points R, &, and there- 
fore it will ſtand ; and the ſame is true of every two oppoſite 
points R, F. & 


Cant it. 


But if CD fall without the baſe, then the line RC and the 59. 
body at C will endeavour to deſcend towards D; alſo the body 
C and line CS will endeavour to deſcend towards D likewiſe, 
and as this motion does not oppoſe the other, there will be 
nothing to ſupport the body, therefore it muſt neceſſarily fall 
towards D. | 
| | 12 * Cor. 
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FIG. Cor. 1. Hence it follows, that if the centre of gravity of a body 
59. be ſupported, the whole body is ſupported, and the centre of gravity 
of the body muſt be efleemed the place of the body; and if it be 
ſuſtained by any lever or beam, its place is at the point where the 
beam is cut by a line drawn from the centre of gravity perpendicular 

to the borizon. 


Cor. 2. All the gravity of a body, or the force it endeavours 
to deſcend with, is collected into the centre of gravily, and there- 
fore whatever ſuftains the centre of gravity, ſuflains the whole 
weight, and the deſcent of a body muſt be eſtimated by the deſcent 
Hils centre of gravity. GA © 


Cr. 3. Hence alſo the larger the baſe is, upon which a body 
Handi, and the further within it the centre of gravity lies, the 
firmer the body will and, and the more difficult io be removed. 
On the contrary, the leſs the baſe, or the leſs the centre of gravity 
falls within it, ſo much the eaſier it is to be moved out of its place. 


Go. Cor. 4. If a body be laid upon a plane CE, and one end F gra- 
duatly raiſed up, the body will flide down the plane, if the perpen- 
dicular CD fall within the baſe, but if it fall without, it will roll 
down . | | 


PROF. 


61. The common centre of gravity C of two bodies A, B, is in the 
right line joining their centres of gravity, and the diſtance of 
either body from the common centre of gravity, is reciprocally as 
the quantity of matter in it. | 


Let A B be the centres of gravity of A and B, and ſuppoſe 

AB to be an inflexible right line, or lever, and C the fulcrum ; 

then if C be the centre of gravity of the bodies A, B, thefe 

bodies (by def. 12.) will be in equilibrio, and conſequently 
(by Cor. 4. Prop. 19.) AC: CB::B: A. 


Or. 1. If there be never ſo many bodies, the common centre of 
gravity of them all is in the right line drawn from the centre of 
gravily of any one, to the centre of gravity of all the reft, and it 


divides 
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Jivides this line into eo parts, reciprocally as that body to the fum x 1 C. 
of all the reſt of the bodies. „ 61. 


For let D be another body, and let B and A be placed in 
C, then will C: D:: DE: CE, and ſo on for more bodies. 
Cor. 2. If ſeveral bodies A, B, D, E, E. be in equilibria upon 62. 
a ſtraight lever AE, then the fulcrum C is at the common centre 
of gravity of all the bodies. . „ 


PROP. XIIV. 


If there be ſeveral bodies, 4, B, D, E, F, and if any plane PQ 63. 


be drawn perpendicular to the horizon, the ſum of the produtts 
of each body multiplied by its diſtance from that plane, if they 
are all on one fide, or their difference, if on contrary ſides, is 
equal to the ſum of all the bodies multiplied by the diſtauce of their 
common cenire of gravity from that plane. 


Draw lines perpendicular and parallel to the plane PQ as in 
the fig. and let C be the centre of gravity, then (by Cor. 3. 
Prop. 19.) the force of all the bodies to move the plane PQ 
about R, will be DN D+oEx E+rFx F-Akx A—BIXB. 
That is C RC D+eC+ RC ERC—FCx FEC 
A—bC—RCXB, or C D+eCxXE—FCx FCA Cx 
RRC D+E+F4 A-+B.. But becauſe C is the centre of 
gravity of the bodies, therefore (by Prop. 20.) C D-þeCx E 
ACN F+aCx AAC B, therefore we have mD x DE x E 
+rFx F-Akx AKB = RCxX A+B+D+ES+F. 

Cor. 1. This Prop. is equally true for any plane whatever ; for 


ſuppoſe the plane and the bodies to be put into any oblique 
poſition, all the diſtances will remain the ſame as before. 


. 


Cor. 2. If any plane be drawn through the commmom centre of 
gravity C, of any number of bodies A, B, D, Sc. and each body be 
multiplied by tbe diflance of its centre of gravily, from that plane, 
the ſums of the producis on each ſide are equal: A x aC+B xbC+ 
Fx/C==DXdC+ExcC. 

For the diſtance of a body muſt be eſtimated by the diſtance 
of its centre of gravity, 

Cor, 


1 
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110. Cr. 3. Heure alſo, the ſum (or difference) of the produfts of 


63. each particle of a body, multiplied by its diflance from- any plane 
whatever, is equal to the whole body multiplied by ibe diſlance of 
its centre of gravity. from that plane; and if the plane paſs through 
the centre of gravity, the ſums of the products on each fide are 


2 IDS Yis> W242 \ \l 4 F : F, 

Cor. 4. The ſum of tbe forces of a ſyſtem of bodies is the very 
fame, as if all the bodies were collected into their common centre 
of gravity, and exerted their ſeveral forces there. | 


or the ſum of all the forces is Dx DHE x E, Sc. or 
RCxX A+B+D+E+EF. vol 


Cor. 5. And the ſame is true of any forces whatever, with regard 
to the centre of gravity of thoſe forces ; and therefore if ſeveral 
forces att in parallel directions, the ſum of all theſe forces will be 
equivalent to one ſingle force, and their common centre of gravily, 
the place where it acts. | 


* 


80. Cor. 6. If a circle be deſcribed about the centre of gravity G, 
of a ſyſtem of bodies A, B, C, and any point & be taken at plea- 
ſure in the circumference, then SA* x A+SB* x B+SC* XC, is a 
given quantity; and the ſame holds true for the ſurface of a ſphere, 
and the bodies not all in one plane. N 


For draw SG, on which let fall the perpendiculars Aa, Bb, 
Cc, then (by Eucl. II. 12, 13.) SA* XxX A+SB* XB SO 
C—S8G* +GA* 28G x Gax A4+SG* +GB*—28G x GhxBx 
$G*+GC* +28G x Gex C; but (by Cor. 2.) Ga A-, B 
G X Co, and all the reſt are given quantities. 


. . 


64. I there be ſeveral forces in one plane, acting againſt one another 
in the point C, whoſe quantities and direfions are CA, CB, CD, 

CE, CF, and if they keep one another in equilibrio, I fay C is 

the common centre of gravity of all the points A, B, C, D, 

Ez; and any one of them as EC being produced, will paſs through 

the centre of gravity G of all the reſt. 


Since 
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Since all the forces are in equilibrio, the ſum of the forces x 1 C. 
acting againſt EC will deſtroy its effects, and act againſt it in 64. 
the ſame line of direction. | 

Upon EC let fall the perpendiculars Aa, BI, Dd, F. Then 
any force AC is divided into two Aa, aC.. Now as the point 
C is in equilibrio, all the perpendicular forces Aa, Bb, on one 

ſide, are equal to all thoſe Da, , on the other, by ax. 11. 
And if- the body 1 be ſuppoſed to be ſuſpended at A, B, D, 
E, F: then ſince AaX14+8bbX 1—=DdXx1+Ffx 1, the centre 

of gravity of the bodies A, B, C, D, (and alſo of all the bo- 
dies) is in the line EC. Again it follows from the equilibrium 
of the forces, that EC AO = Ch + Cd + Cf, by ax. 11. And 
therefore if the body 1 be ſuſpended at the points E, a, d, 6, /. 

C is their centre of gravity ; that is, C is the centre of gravity 
of E, A, B, D, F. | 


Cor. 1. If G be the centre of gravity of A, B, D, F, then EC 
= CG x number of points A, B, D, F. 

For EC— Co +CD +CF—Ga— CGXxXA+B+D+ Hf 
or 4CG, by Prop. 44+ | 


Cor. 2. Sum of all the perpendiculars on one fide, Aa, Bb — 
ſum Da, F,, on the other fide of EC; and the ſum of their 
cs CE, Ca, on one fide —= ſum Cd, G, Cf, on the other 
ide of C. | 


FR OP. . 


If a body be ated on by ſeveral forces A, B, C, D, E, in the 65. 

parallel directions Aa, Bb, Oc. and kept in equilibrio, and if 

any plane RN be drawn from any point R, the ſums of the forces 

on each fide are equal, A+ DPD BC E, and the ſum of the 
Proautts on each fide equal to the like ſum of the products on the 
other ſide, Ra x A + Rdx D= RbXxXB+RexC—RexE, 

and the contrary, where any product lying the contrary way 
from R muſt be taken negative. 


For ſuppofe RN to be the plane, acted on by theſe forces, 
then (by Cor. 5. Prop. 44.) the effect of the forces A and D 
acting at @ and d, is the ſame as if they both acted at Q, their 

| | centre 


* 
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'r d. centre of gravity; and the effect of B, C, E, acting at &, e, e, 
65. is the fame as if they all acted at cheir centre af gravity, which, 


66. 


the quantity of force. 41 | . 
In reſpect to their places, becauſe © is the centre of gravity 


plane alſo kept one another in equilibrio at firſt, they will 


becauſe the body is unmoved, is the ſame point O; and there- 
fore, becauſe of the equilibrium, 44+ D =B + E+E£, for 


of A and D, as well as of B, C, and E; therefore (by Prop, 44.) 


Ra x A+ Rix DS ROXA+ D ROXB+C+£== Rb 


xB+ RexC— Re E; and on the contrary, if theſe forces 


be equal, the body will be in equilibrio, by ax. 9. 


Cor. 1. If a body FGIH be at reſt whilſt it is ated upon by fe. 


veral forces, in the ſame plane, whoſe quantities and directions are 


PA, B, C, 5D, tE, cutting any line RN drawn in the body at p, g. 
Sc. and the perpendiculars Aa, Bb, Sc. are drawn; then ] /ay, 
1. The ſums of the perpendicular forces on each ſide are equal, Aa 
＋ Dd = Bb + Cc + Ee. 2. The fums of the contrary forces in 
directian of the line RN are equal, pa +qh5=rc + 5d + te. 3. The 


ſums of the rectangles on each fide, from auy point R, are equal, 


Rp x Aa + Rs x Da — Ry x Bb + Rr e Ce + R Ee. But 
where the points lie the contrary way from R, the rectangles muſt 
be negative; and when all (heſe are equal the body is at reſt. 

For ſince it is the ſame thing whether any force A act at A, 
at For at p, we will ſuppoſe it to act at p; then if the oblique 
force pA be divided into the two pa, ad, and the ſame for the 
reſt, then the ſum of all the forces pa muſt be equal to the 
ſum of all the contrary forces cr, by ax. 11. The reſt follows 
from this Prop. 


Cor. 2. And if a body be kept in equilibrio by ſeveral forces acting 
at different points, and in different directions, either in the ſame 
plane, or in different planes, it will ſtill be in equilibria, by the 


fame forces acting from any one point, and in directions reſpe&tively 


parallel to the former. | 

For in the fame plane the forces parallel and perpendicular 
to RN will remain the ſame as before ; and when the direc- 
tions of any of the forces are out of this plane, all theſe ex- 
traneous forces may be reduced to others, one part acting in 
the plane, the other perpendicular to it, and both theſe re- 
main the ſame in quantity as before; and fince the forces act- 
ing in the plane kept one another in equilibrio at firſt, they 
will do the ſame ſtill; and as the parts perpendicular to this 
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do the ſame when applied to their common centre of gravity,vro.. | 
or OT 1 0 "1 - 66. 


Cr. 3. If ſeveral forces ati, 1 any manner keep a . 
moved, and any plane whatever be drawn, and the vagrant forces. 
be all reduced to that plane, then all the perpendicular forces on one 
/ide, are equal to thoſe on the other, and their centres of gravity fall 
in the ſame point. When this does not FR in all planes, the body 
will be moved or way or Auer. 
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Tb To fd the centre of gravity if a 22 of bodies, A, B, EC 


Draw any plane ST, and from the ceitres of gravity of all the 67. 
bodies, draw perpendiculars to this plane, Aa, Bb, Cc, then (by 
Cor. 3. Prop. 19.) the forces of A, B, C, at the diſtances Aa, 
Bb, Cc, from the Plane, will be Ax Aa, BN BG, Cx ce. Let G 
be the centre of gravity, then the ſur * * forces A x Aa+BXx. 
Bb+Cx Ccmuſtbe =4+B+C'x Ge, werof all the bodies 
ſituated in G (by Prop. 44+) whence the 25 nce of the centre of 
gravity from the plane. that is — ny 
where if any of the bodies be ſituate on the other ſide of the 
plane, the correſpondent rectangles will be negative. 

And if the diſtance be in like manner found from the Llane 
TY, perpendicular to ST, the point & will be deni by 


making the parallelogram T'G with the EO ROTO em 
thoſe 3 \ * 
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Cor. 1. Lei B ze any body, þ any particle i in it, d its 4 tance from: 


a given plane, then the di ilance of its centre vl 2 WN that 
Sum of all the dp | 


b 


POW 1 = 


Cor. 2. Tofind the centre of gravity of an irregular plane figure. 68. 
Suſpend it by the firing AEB, at E, and draw the plumb line ECF, 
then ſuſpend it by another point of the firing as D, and draw ano-— 
ther plumb line through E, to interfer” CF, ber the Point of inter- 
ſection is the center of yravity.” 


Cr. 
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* 


D of gravity of is Rexibit body 3 Hy it - + 
68. on a board whoſe centre of gravity is known, luy be tthtre gra- 
wvity of the board upon the edge of a priſm, and lay the body upon 

it; u ve it back or forwards, MH it de in egullibrio upon the 


* 


| S C H O L. 


The centres of gravity of ſeveral planes and ſolids have been 
determined to be as follows : | 
I. If twolines be drawn from two _ of a triangle, to the 
middle of the oppoſite ſides, the point of interſection is the cen- 
tre of gravity. Therefore the diſtance of the centre of gravity 
from the vertex, is + of the line biſecting the oppoſite ſide. 
69. 2. Ina Trapezium ABCD, the centre of gravity is found by 
dividing it A Find E, G, the centres of gravity of 
tte triangles ADB,. CDB, and E, H, the centres of gravity of 
ABC, A then draw EG, FH, to interſe& in ©, the centre 
of gravity of the TT 8 
+ The centre of gravity of a right line, Farallelggram, cylinder, 
al priſm, is ih the uddle. | 3 
4. For the arth of a cirelr, as + arch : fine of arch: : radius: 
diſtance of its centre of gravity from the centre. 
. g For the e777 of d circle, as urch: cord : : 4 radius: diſ- 
Ul tance of its centre of gravity from the centre. 
„ 6. For the parabolic Jpace, the diſtance of the centre of gra- 
iq vity from the vertex is + the axis. "26 OO. 
" 5. In the com and pyramid, the diftatice of the centre of gra- 
i vity from the vertex is >the axis. 5 
. 8. In a parabolerd, the diſtance of the centre of gravity from 
1 the vertex is 4 the axis. | | 
©) For the /egment of a ſpbere, let r radius, » height of 
| e then the diſtance of the centre of gravity froth the 
vertex is x. a 
21 —4* 


PROP. XLVIII. 


Fido or more bodies move uniformly in any given diref3 ins, their 
common centre of gravity will either be at reſt, or move uniformly 
m a right line. ; 


Caſe 
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to or from it in a right line, then ſince the centre of gravity di- 6g, 
vides the diſtance in a given ratio, and the diftance increaſes 
uniformly, therefore that centre moves uniformly, Now fup- 
poſe the other body likewife to move in the fame right line, and 
any quantity of ſpace to move alang with it, then ſince the body | 
is relatively at reſt in this ſpace, the centre of gravity, in regard a 
to chat ſpace, moves uniformly, to which adding ar fubrradi 
the uniform motion of that ſpace, the centre af gravity will ſti 

move uniformly. | 


Cafe 2. Let the bodies move in one plane, in the directions 70. 
DE, AB; produce their lines of direction till they meet in D, 
and when one body is in Dand E, let the other be in 4 and B 

reſpectively. Let H be their centre of gravity when in D and 
A, and & when in Eand B, and draw HR, and make BP A, 
and draw EP and KL parallel to AB, then DE is to A or 
DP, in the given ratio of the motion of the bodies; and ſince the 
CEO is given, therefore all the angles of the triangle ED 
are given, and DP will be to PE in a given ratio. But 
by ſimilar triangles PE is to PL in the given ratio of BE to BK, 
by the property of the centre of gravity, therefore DY is to PL 
in a given ratio, and all the angles in the triangle DPL are 
given, and therefore the angle PDL; therefore the point L is 
always in the line DL given in poſition, and by the. nature of 
the centre of gravity, DA: DH; : EB: EX: : PBor DA: LK, 
therefore DH — LK, whence DHKL is a parallelogram, and 
HK parallel to DL, and therefore the angle HH is given, and 
the centre of gravity K is always in the right line HK given by 
555 ; and becauſe all the angles of the triangles DP, and 

LE are given, therefore the lines DP, DE, DL, chat is; AB, 
DE, HK are in a given ratio, and conſequently the point K g 
moves uniformly along the right line HK, and the demonſtra- 
tion is in the ſame manner, if one of the bodies B moves from 
B towards A. lM | An £5, 


Caſe 3. Let the paths of the bodies 4B, DE be in different 71. 
planes; through the path AB draw a plane Bas parallel to the 
path DE, and thro DE draw the plane DdeE perpendicular to 
Bde, produce AB to d, and let Dd, Ee be perpendicular to ds, 
then the planes Dd A, EeB will be perpendicular to the plane 
edB ; let one body; be in 4 and B, when the other is in D and 
E reſpectively. Now if the body at D were to move in de, * 

. K 2 y 
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v G. by Caſe ad, the centre of gravity would move uniformly along 


ſome right line HK; through H erect the plane HKkb perpendi- 
lar to HBK; then by ſimilar triangles, and the nature of the 
centre of gravity, Ab: D:: (AH: Hd: : BK: Ae: :) BAK: KE, 
and h is the path of the centre of gravity of the bodies 
moving in AB, DE. Likewiſe Dd: Hb: : Ad: A:: Be: BK 
:: E or Dd: Kk; therefore Hb — Kk, and hk is equal and pa- 


rallel to HK, therefore the centre of gravity of the bodies (mo- 


ving in AB, DE) moves uniformly through the right line bk. 


ao 4. The common centre of gravity of two bodies, and a 
is either at reſt, or moves uniformly in a right line; for 
theſe two may be put into the place of their centre of gravity, 


which before moved uniformly, and then the centre of gravity 


of the three will move uniformly ; likewiſe the common centre 
of gravity of three bodies and a fourth, will move uniformly in 


a right line, and fo on. ; 4 IA bi 


PROP. XIIX. 


The common centre of gravity of two or more bodies does not change 
its fate of motion or reſt, by any attions of the bodies among 
themſelves, or by any forces they exert upon one another. 


Suppoſe any ſpace in which the bodies are incloſed to move 
uniformly along with the centre of gravity of the bodies, be- 
fore the actions of the bodies upon one another, then the cen- 
tre of gravity is at reſt in that ſpace. Now if two bodies mu- 
tually act upon one another, ſince their diſtances from their cen- 
tre of gravity are reciprocally as the bodies, and as action and 
re- action are equal, the bodies will approach or recede from that 
centre by ſpaces which are in the ſame ratio, therefore the cen- 
tre of gravity will ſtill remain at reſt. And in a ſyſtem of ſeveral 
bodies, becauſe the common centre of gravity of any two act- 
ing mutually upon each other is at reſt, and the actions of all 
the bodies being the ſum of the actions of every two, it is evi- 
dent the centre of gravity of all the bodies remains the ſame, as 
if they did not act at all upon one another, and therefore is 
at reſt in this ſpace, or moves uniformly forward along with it. 


1 


1 
1 


Cor. 
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| Cor. 1. Hence if a body be projected into free ſpace; if it have r f G. 
any circular motion, this motion will. be performed uniformly about 7. 
. 


an axis paſſing through the center of gravity. AR 


For if every particle of the body retained the diſtinct motion 
firſt impreſſed on it the common centre of gravity of the whole 


would move in a right line, by the laſt Prop. And ſince the 


coheſion of the parts of the body retains the particles in one 
maſs, therefore (by this Prop.) the motion of the centre of 
gravity is not altered; which it would be if the axis of cir- 
cular motion did not paſs through the centre of gravity, but 
through ſome other point. e 


Cor. 2. And if a body be hurled into the air, its centre of gravity 
will either move in a right line, or deſcribe a parabola, whilſt that 

body revolves about an axis paſſing through the centre of gravity, 
if it have any circular motion. 7 


. 

The ſum of the mol ions of ſeveral bodies in any given direction, is 
 _ tbe ſame as ihe motion of all the bodies in the ſame direction, 
moved with the velocity of the common centre of gravity, 


Let the bodies A, B, move round the center of gravity C at 


reſt, to the places a, 5; draw BCA. bCa. Then ſince 4: 


B:: BC: AC: : b: ac, therefore the triangles Aca, BC, 
are ſimilar, and £bBc — CAa, therefore Bb is parallel to Aa, 
and the bodies move in contrary directions. Alſo ſince Aa: 
Bb:: AC: CB: : B: A, or Aa x A—=BbX B; therefore the 
motions of A, B, in contrary directions, are equal, or their mo- 
tion the ſame way is o. Now let the ſpace and bodies moving 
in it, be moved in any direction with any velocity v, it is 
manifeſt the motion of each body in that direction will be 
greater than before, by the quantity of matter X velocity. 
Therefore the ſum of the motions is now vA-+vB or x , 
that is, equal to the ſum of the bodies x velocity of the centre of 

gravity. 3 | 
After the fame manner, the motion of 3 bodies is the ſame as 
the motion of two of them, moved with the velocity of their 
common centre of gravity, together with the motion ” on 
1 dy | | | third, 


70 CENTRE o» GRAVITY. | 
r1 0. third; that is (by what has been ſhewn) equal to the fum of 
ol all the three; and fo for more bodies. 


f Gor, The centre of gravily of « body muft be taken For the place 
of the body; and the motion of any body, or of any ſyſtem of bodies, 
muſt. be eſtimated by the motion of the centre of gravity. | 


P R OF. ki, 


they be any how raiſed or moved by help of the machine, the centre 
ef gravily of the weight and power will always be iu the ſame 
horizontal right line. i 


and therefore it neither aſcends nor deſcends. In the wheel and 
axle, and in the pulley or any combination of pullies, the 
weight and power approach or recede from each other, by ſpaces 


which are reciprocally as the bodies, and therefore their centre 
| of gravity is at reſt, And upon any inclined plane the per- 
"#8 pendicular velocities of the power and weight (by Cor. 4. Prop. 
4 i 33.) are reciprocally as their quantities, and the diſtance of 
* the centre of gravity from each, being the ſame in ratio, is alſo 
„ at reſt; and univerſally in any combination of theſe, or any 
i machine whatever, where the equilibrium continues, the afcent 
5 and deſcent of the power and weight being reciprocally as their 
5 quantities, the centre of gravity neither aſe 


ends nor deſcends. 


F | 


13+ If a heavy body AB be ſuſpended by two rapes AC, BD, a right 
line perpendicular to the horizon paſſing through the interſettion 
F, of the ropes, will alſo paſs through the centre of gravity G 
of the body. 


For continue the lines AC, BD to F, then it is the ſame 
thing whether the lines that ſuſtain the body act at C and D 
or at F, in the ſame directions; ſuppoſe therefore that the body 
AFB is ſuſpended at F, then fince (by ax. J.) the body will 


12. All the three, moved with the velocity of the centre of gravity | 


Jf two weights on any markine keep one another in equilibr io, if 


For in the lever the centre of gravity is at the fulcrum, 


deſcend. 
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deſcend as low as it can get, and (by Cor, P. D the cen. 5 
tre of gravity mult be ta en for the Mee he 55) he there- 73. 

fore the centte of gray Fig Een d in het Ban cpendicular 
to the Horizon ; and it is the ſame th D, interſect 
in a point F below the body, for the body ng be ſupported 


except the centre of gravity G be in the-perpendicular GF. 


Cor. 1. Hence, if GN de drawn Parallel to AC, the weioht of 
the body, the forces actiug at C and D. are reſpedtively as N, 
GN, and FN, or as ihe fines of n AFB, GB, and O. 


Cor, 2. The lines AC; DB and N, ary all in owe plane perpen- 
dicwlar to the horizon. | 


3. If the centre of gravity falls not in the line FG, Ro 
Fs will not reſt till it ON in that line. — 


PR 0 P. LIL | 


1f any body whatever, as BC, or any beam loaded with a Gebe. 74 
be ee by two planes AB, CD, at C and B, and from the 
pornts C, B, the lines CF, BH be drawn perpendicular io theſe 
planes, and from the inerſection F the line FH be drawn per- 
pendicular ts the horizon, it will paſs through be centre of 


grawly G of the body, 


For ſince the body is fuftained by the planes at B, C, and 
theſe planes re- act againſt the body in the perpendicular direc- 
tions BF, CF, thereſore it is the fame thing as if the body 
was ſuſtained by the two ropes BF, CF, and confequetrly (by 
Prop. laſt) FH will paſs through G the center of Oy of 
the whole weight. 


Cor. 1. If EG be drawn parallel to CF, then the whol? weight, . 
the preſſure upon the planes CD, AB, are reſpettively as FG, EG, . 
EF, and in theſe ve dire&ions, or as the fines of the amles 
BFC, BFC, and CFG. 


Cor. 2. If the line FG drawn (from the interſection of the per- 
pendiculars FC, FB) perpendicular to the horizon, does not paſs 
through the centre of pravity the body will not be ſuſtained, but 
will move till the centre of gravity fall in that line. 0 

r. 
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yFIG. Cor. 3. Hence if the poſition of one plane CD be given, and the. 
74+ Poſition of the body CB, and its centre. of gravity C, the poſition 
e the other plane AB may be found, by which the 22 will be 


Supported, by drawing CF perpendicular 10 CD, and GF perpen-- 
dicular to the horizon, and from F drawing FB; then BA perpen- 
a -R, > ooo arent arty 1035 


ottawa arty oor Nt S C HO L. Wa V . t 

Some people have objected againſt the truth of the two laſt 
poſitions, as well as ſome others, though demonſtrably prov- 
ed. But this ariſes only from their own ignorance of the prin- 
ciples. They that have a mind may ſee this very propoſition de- 
monſtrated five or ſix different ways in Prop. XXIX. of the 
ſmall Treatiſe of Mechanics, publiſhed. in Vol. VII. of the 

Grglomarthefis:”) 4 ov 4) 4h 7 


10 0 3371 « 4 


PR 0-P. . | 
75+ If a heavy body HD, whoſe centre of gravity is G, be ſuſtained by 
three forces A, B, C, in one plane, acting in directions AH, BI, 
CD, and if FGP be drawn perpendicular to the horizon, and 
D produced to cut it in P, and if AH, BI produced, interſett 
11" | in O, then if OP be drawn, and if EP, OF, be draton pa- 
.,M rallel to AO, PC; then I ſay the weight of the body, the three 
i i forces A, B, C, are reſpectively as FP, EP, EO, OF. 
o 2 | | 
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Becauſe the line OP is unmoved, the point O is ſuſtained by 
* three forces in directions OP, OA, OB, which therefore are 


trary. | 


"8 as the lines OP, EP, OE; alſo the point P is ſuſtained by 
1 three forces in the directions PO, PC, GP, which therefore 
3 are as the lines OP, OF, FP, of which that in direction FP 
N 0 is the weight of the body at G the centre of gravity; and the 
7 forces at O and P, in directions OP and PO, are equal and con- 


Cor. Hence if any other force inſtead of the weight af at G, in 
1 | direction GP, then the forces at P, A, B, C, will be reſpedtively 
3 es FP, EP, EO, OF. | 4 | 


SCHOL. 


If one of the forces be given, all the reſt may be found, if. 
they act two and two at different points O, P; but if five forces 
act in one plane, two of them muſt be given. 


PROP. 
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If EBDF be any priſmatic ſalid erected upon a plane AD, and r 10. 
it be cut by any plane AGH, Þ[ ſay the ſarface, or ſalid GBDH, . 76. 


cut off by this plane, is reſpectively equal to the ſurface or ſolid 
EBDEF, whoſe allilude is Cl, the line paſſing through the centre 
of gravity of the baſe, and parallel to the axis of the ſolid. 


I ſhall not demonſtrate this geometrically by meaſuring, but 
mechanically by weighing them. Suppoſe the periphery, or the 
baſe BD, to be divided into an infinite number of equal parts, 
by planes perpendicular to the horizon, and parallel to the axis 
of the ſolid, and to one another ; and imagine AD to be a 


lever, and let each particle be placed on AD where its plane 


cuts it; then ſince the force of any particle to move the lever 
AD is as that particle multiplied by its diſtance from A, (by 
Cor. 3. Prop. XIX.); therefore the forces of the equal particles 
at B, C, D, Sc. will be as AB, AC, AD, Sc. and the ſum 
of all as the ſum of theſe lines: and, becauſe C is the centre 
of gravity of all the particles, therefore the ſum of all, AB, 
AC, AD, &c. — ſum of as many times AC; that 1s, (becauſe 
the parts of the baſe are given) = AC x baſe ; but GB, IC, 
HD, Sc. are as AB, AC, AD; therefore all the GB*'s, ICs, 
HD's, Sc. — whole baſe  1C; that is, the whole ſurface or 
ſolid GBDH — whole ſurface or ſolid BEFD. 


Cor. 1. Fa right line or curve, or any plain figure whetber 
r:ght-lined or curve-lined, revolve about an axis in the plane of the 
figure, the ſurface or ſolid generated, is reſpectively equal to the 


Surface or ſolid, whoſe baſe is the line or figure given, and height 


equal to the arch deſcribed by the centre of gravity. 

Let BDab be the figure generated; on the baſe BCD erect 
the ſurface or ſolid BDFE, and let C be the centre of gravity ; 
ſince the arches Bb, Cc, Da, are as the radii, AB, AC, AD, 
that is as BG, CI, DH; therefore if CT — Cc, then will all the 
lines BG, CI, DH, Sc. — all the arches Bb, Cc, Dd, Sc. that 


is, the ſurface or ſolid B Dab — BDHG, that is ( by this Prop.) 


— BDEFE. | 


Cor. 2. Alſo if a curve revolves about any right line drazn 
through its cenire of gravity, the ſurfaces generated (either by a 


portal or total revolution) on oppoſite ſides of the line, will be equal. 


; For 
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110. For by Cor. 2. Prop. XLIV. each part of the curve multi- 
77. plicd by the diſtance of its centre of gravity from this line muſt 
equal on both ſides; and (by Cor. 2.) each figure generated 
is equal to the curve multiplied by the arch deicribed at that 
2 and theſe arches (being Amilar) are as theſe diſtances; 
whence each ſurface is as the curve multiplied by the diftance 

of its centre of gravity, and therefore they are _ 
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SECT. VI | 
Of the Centres of Percuſſion, Oſcillation, and | 


Gyration. 


PROP. - LIVE 


Let there be any ſyſtem of bodies A, B, C, conſidered without weight, r 1 G. 
and moveable about. an axis paſſing through &, and if any force 78. 
F can generate the abſolnte molion m in a given time, if the ſame 
force at at P, perpendicular 10 PS; the motion generated in the 
ſyſtem, in the ſame time, revolving about the axis at &, woill be 
AX S4+BxSBECXSC op 
ARSE LB x $5 +Cx SC? * 


For ſuppoſe PS perpendicular to the axis at S, and to the line 
of direction PQ, and SA, SB, SC, perpendicular to the axis 
at S; and ſuppoſe the force f divided into the parts p, 3, r, act- 
ing ſeparately at P to move A, B, C; then (by Cor. 3. Prop. 
XIX.) the bodies A, B, C, will be acted on reſpectively with 


the forces „ 3 
. IP. TaÞ Te" "a 


Since the angular motion of the whole ſyſtem is the ſame ; 
the velocities of A, B, C, are as SA, SB, SC, and their mo- 


tions as A SA, BY SB, Cx SC, and theſe motions are as their 


. SP SP SP 
generating forces ip. y,. Jer: Whence p, 2, r, are as 


Ax SA BN SB CX SC: 


: put the ſum of theſe — s, and ſince 


"a 

AXSA?* fx Ax SA 
P +4+r=fF; therefore s : F:: "I 3 =P; and 
SP Ax 84 . | | 
D = = force acting at A. Then : n: 


Xx Ax SA AxS8SA . 
CORE. "Rome ee — motion of A. After the ſame manner 


F s 
mXBX SB mYxCXSC | : 
e X®*” are the motions of B and C - therefore the 


Ax S44+Bx SB+Cx SC 


wholemotion generated inthe ſyſtem is l XM. 
| | 2 Cor. 
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F I Go Ax SA? +BY SB* + Ce SC? 

a |: Cor. 1. If you make SO —= N then 
if all the bodies be placed in O, the motion generated in the ſyſtem, 
will be the ſame as before, as lo the quaniily of motion, or the ſum 
of all the abſolute motions ; but the angular velociſy will be dif- 
ferent. 


. 5 
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For the motion generated in theſe two caſes, will be 
Ax SA4B x SB4+CXSC A+ FIC x80 
Zr Cc: n, and ——— 7805 XP: 
and if theſe be ſuppoſed to be equal, there comes out SO — 
AX SBN SB? + Cx SC? | 
AxSA+BxSB+CxSC 


_ 


—— 
r 


Cots SANE 


@ - 
- — — 2= = 
— rr 7 
— — 
” — - = . — 
— 3 aw 


Cyr. 2. The angular velocity of any fyſtem A, B, C, generated in 
a given time, by any force f, adding at P, perpendicular to PS, is 
PX | 


#45 Tad I BxXSH Fox Io. 


For the angular velocity of the whole ſyſtem is the ſame-as 
of one of the bodies 4; but the abſolute motion of A is 
WED, and the abfolute velocity of A — x2 ; but the 
angular velocity is as the abfolute velocity directly, and the ra- 
dius or diſtance reciprocally; therefore the angular velocity of A, 


| - m m X SP 
and conſequently of the whole ſyſtem, is as 8 


D . fx SP 0 
that is (becauſe m is as the force /), as 4 FN B U. 


Cor. 3. Hence there will be the ſame angular velocity generated 
in the ſyſtem, and with the ſame force, as there would be 


in a ſingle body placed at P, and whoſe quantity of matter is 
Ax $4? +B X SB? + C xx SC? 


SP? 0 
For let P that body, then (by Cor. 2.) ſince f and S are 
given, the angular velocities of the ſyſtem and body P will 


be to one another as : 5 ich 
"0p AX SAT FB x SB &c. £0 PN $P? Which 


being ſuppoſed equal, we ſhall have P LEND r . . 


Cor. 4. The angular motion of any ſyſtem, generated by a uni- 
form force, will be a motion uniformly accelerated. 
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15 Pen 


To find the centre of percuſſion of a ſyſtem of bodies, or the point, x1 C. 
which ftriking an immoveable objects, the ſyſtem ſhall incline to ng. 


neither fide, but reſt as it were in equilibriv. 


Through the centre of gravity G of the ſyſtem, draw a plane, 
perpendicular to the axis of motion in &, and if the bodies 
are not all ſituated in that plane, draw lines perpendicular to it 
from the bodies, and let A, B, C, be the places of theſe bodies 
in the plane, Draw SG, and let O be the centre of percuſſion, 
draw Af, Bg, Ch, perpendicular to SO, and Aad to SA, and 
make ad — SA, and draw ea perpendicular, and de parallel to 


SO, then aA will be the direction of A's motion, as it re- 


volves about S, and the ſyſtem being ſtopt at O, the body A 
will urge the point a forward, with a force proportional to its 
matter and velocity; that is, as ASA or AX ad; and the force 
wherewith A acts at a in direction ea, is Ae or Ax; and 
the force of A to turn the ſyſtem about O, is Ax Sf XaQ (by 


Cor. 3. Prop. XIX.) =A x Sfx SO—=Sa==A x Sfx SO=A4 


SA: likewiſe the forces of B and C to turn the ſyſtem about 
O, is as B Sg SO SB and C&S So—Cyx SC ; and 
ſince the forces on the contrary ſides of O deſtroy one another, 
therefore A x Sfx SO—A x SA*+B x Sg x SO—B xSB*+CX 


AX SA*+BX SHC SC e 
S SO Cx S; thereforeSO= Fx N e 


the diſtance of the centre of percuſſion, from the axis of motion. 


Where note, if any points F, g, b, fall on the contrary fide of 
S, the correſpondent rectangles muſt be negative, — Ax Sf, 


INS, &c. 


Cor. 1. If G be the centre of gravity of a ſyſtem of bodies A, B, 
C, the diſtance of the centre of percuſſion from the axis of motion, 
thet bs, $0 — TCR 
SG XA+&5+U Oc 
ro (by Prop. XLIV.) Ax BNS CX S ANB C 
* Sg 8 : 6 6 . 

Cor. 2. The diflance of the centre of percuſſion from the centre of 
gravity G, is GO = ZEXTHEEEt — 

SG NAT 
For AXSA*+BY;SB* +CygSC* =AXSG*+GA*—28SGx of - 


+B x SG* +GB* 4+-28G x Gg+Cxc SG* + CG + 29G X oh, 70 
0 uc . - 


78 


r 1 6. Eucl. II, 12 and 18. But (by Cor. 2. Prop. XLIV.) 
79. —AxGf+Bx Gg+CxX Gh o, therefore Ax & 


* 
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+B x SB* 
+CxSC—A+B+C os nk als Cad owgy ct. ach 


Whence, (by Cor. 1.) SO or SG + GO = — 


S MAN 
S6 AT BTC 
Ax GA + BxGB + CNC. 
SGXa+8&FC. 


Cor. 3. Hence SG GO theo given quanitty 


225 Ez 2 5 8 o/c ; and therefore GO is reciprocally as SG. 


For each of the bodies A, B, C, and their diſtances from G, 
are given. 8 

Cor. 4. Hence alſo, if SG 6 given, GO will be given alſo, and 
tberefore if the plane of the motion remain the ſame, in reſpelt to the 
bodies, and the diſtance SG remains the ſame, the diſtance of O from 
G will remain the ſame alſo. 

Cor. 5. The percuſſion or quantity of the ſtroke at 0, by the motion 
of the ſyſtem is the ſame as it would be al G, ſuppoſing all the bodies 
placed in G, and the angular velocity the ſame ; for the ſum of the 
e of A, B, C, in the fy pew, 8 againſt O, is as AXSAX 


SB 2 2 
= TBN SBN CSC ä SA BENT ITN — 
50 x A+B+C (by this Prop.) "but SG XALBLC denotes the 
motion of A+B+C, acting againſt G, or an obſlacle placed there. 
Cor. 6. In a body or ſyſtem of bodies, oſcillating about a centre Ss 
if V be the velocity of O, the centre of percuſſion, the ſhock or 2 
tity of the firoke at any point P, againſt an obſtacle there, is 2 * 


Vx ſum of the bodies, or of the whole ſyſtem, and therefore is reci- 
procally as SP ; for the velocity of A being denoted by SA, its 
quantity of motion is Ax SA, but by the property of the lever ASP 


its quantity of motion againſt Pis ASA X S or 2 92 In like 
therefore 


By SB* Cx SC? HA 
8 
the ſum of all, or the whole ſhock againſt P, i AX SAB be CRO. 


and that is reciprocally as SP, all the reſt being given © Ty 


But by this Prop. 2 SH + BXSP n = * SO * 


ABN C, where SO denotes the velocity of O the ſame as V. 


Cor. 7. If OT be drawn perpendicular to SO, then OT will be 
the" locus of all the centres of percuſſion. 
For 


manner the motions of B, C againſt Paare 


Set, VE, CENTRE or OSCILLATION, &. 
the ſame thing which point of the line OI ſtrikes an obſtacle. 


PROP. LVIII. 


To find the centre of oſcillation of a ſyſtem of bodies, or ſuch a point, 
in which a body being placed, twill vibrate in the ſame time, and 
with the ſame angular velocity as the whole body. | 


Let the axis of motion be at S, perpendicular to which draw 
the plane in which the centre of gravity G moves, draw SCO, 
and let O be the centre of oſcillation, draw the horizontal line 
Sr, and from the bodies A, B, C, draw Aa, Bb, Ce, perpen- 
dicular to SO, and alfo Ae, Bn, Cd, Gg, Or, perpendicular 
to Sr. 8 

Put s==Ax SA*+BX SB* CSC, then (by Cor. 2. Prop. 
LVI.) the angular velocity which A, B, C, generates in the ſyſ- 


: ; Fend 4 S- Sa%G 
tem by their weight, 1s . —, —. and the whole 


—Sex 4+Sr x B4Sdx C 


angular velocity generated by them all is — 
Likewiſe the angular velocity which any particle p, ſituated in O, 


N a 8 Sr 9 $r Sg 
generates in the ſyſtem, by its weight, is 270 or 50. or 0 


becauſe of the ſimilar triangles SgG, SrO, but their vibrations, and 
every part of them, are performed alike, therefore their angular ve- 


79 ; 
For the direction of O is in the line OT, and therefore it is E 1 O. 


% 


81. 


1 . 6 B 58 | 
locities muſt be every where equal, that is — ONE 
Sg | i Sg AA feat 
- whence by reduction SO GN ALS NFG 


But (by Prop. XLIV.) — Se A A＋ Sn X B+ Sd X C= 
Sg X A + B + C, therefore the diſtance of the centre of 
oſcillation from the axis of motion, SQ, — TLITFIEE 
lx $4 + BY SHC. AK SANS + Cx SC? Ce. 

SGxXA+B+C &c. — Axa N N c. 
Where Ax Sa, BY Sb, Sc. muft be negative, when, a, b, Sc. 
lie on the contrary fide of &; and ſince all theſe quantities are 
the fame at all elevations of the axis SO, therefore the point O 
is rightly found, and the ſyſtem has ſuch a point as is required; 
like wiſe it appears by Cor. 1. of the laft Prop. that the centre 
of ofcillation is the ſame with the centre of percuſſion. 


„ a Cor. 


— 
— 


1 
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1 10. Cor. 1. If p be 17 7 ire a body, d its diſtance from &, the 
81. axis of motion, G, O, the centres of | gravity and ofcillation, then 
the diſtance of the centre of oſcillation of the body, from the axis of 
motion, SO Pe ook NG Ge 
; Ser l N 


Cor. 2. If the bodies A, B, C, be large, and therefore the cen 
tre of efcillation of each, not in the cenire of gravity. Lei d, e, f, 
be the reſpective diſtances of their centres of gravity, and p, q, r, 
of their centres of oſcillation, from S, then will the diſtance of 
tbe centre of ofcillalion from &, tbe axis of. motion, SO = 

PP | . 
ANS TEX CNS SGN d+B+C : 5 
For let a, b, c, be any particles in A, B, C, and x, y, x, 
their diſtances _ $S rn. then by this Prop. S0 = 
ſum x*a + ſum yyb + ſum zzc_ um xxa __ ts 6 
8 F e LOOK IT =. OF ſum xxa — 
dpA, and ſum % — eqB, and ſum zzc = frC, and SG N 
A+SB+C= SaxA + SX BTCC. "= 


Cr. 3. To find the centre of efcillation of an irregular body, ſu/- 
pend it at the given point, and bang up a ſimple pendulum of ſuch a 
length, that making them both vibrate, they may keep time togetber. 
Then the length of this pendulum is equal lo the diſtance of the centre 
of ſuſpenſion from the centre of oſcillation of the body. 


Cor. 4. What bas been demonſtrated in the laſt Prop. and Cor. 


I, 2, 3, 4, for the centre of percuſſion, holds equally true for the 
centre of oſcillation, 


Sean 


I ſhall juſt take notice, that if the diſtance of the axis of 


ſuſpenſion from the centre of gravity SG, be made equal to 
EEE, the body will ofcillate in the 


leaſt time poſſible. 

In very ſmall bodies, or any bodies oſcillating at a great 
diſtance from the axis of motion, the centre of oſcillation or 
percuſſion is in or very near the centre of gravity ; and the 
reaſon why the centre of oſcillation or percuſſion is not always 
in the centre of gravity, is becauſe the body in —— 

made 
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made, to turn about a centre; but if it be ſo contrived 8 al- v1 C. 
ways to move parallel to itſelf, without any circular motion, 81. 
the centres of gravity, of oſcillation, and percuſſion will be the 
ſame. 

The diſtance of the centres of oſcillation and percuſſion, fn 
the axis of motion, as calculated by Cor. 1. is as follows, 
where the axis of motion is at the Vertex, and in he 1 of : 
the "RPE | 
In a right line, ſmall * and d cylinder + the 
ah of the figure. 

2. In a triangle, + the axis. meg di 

2 In a plane of a circle, the radius, or-4 ET the axis. 

In the parabola, the axis. 

7 Pyramid and cone, 4 axis, nearly. 
6. Ina ſphere „radius, d— diſtance of the axis of motion 
from its centre; then the diſtance of the centre of oſcillation 


from the axis of motion, is d +5 


PAO F. LIX. 


To find the centre of gyration of a /y em of FR" or fuck a Point 82. 
O, as that a given force, acting at a certain place, will in the 
ſame time generate the ſame angular velocity an the ſyſiem, about 
an axis SR, as if the whole ſyſtem was placed in O. 


Draw the plane PAS perpendicular to the axis of rotation FR, 
and let SA, SB, SC be the neareſt diſtances of the bodies A, B, 
C trom the axis SR, and let the force F act at P, in direction 
PQ perpendicular to PS; then (by Cor. 2. Prop. LVI.) the 
angular velocity generated i in the ſyſtem by the force f, will be 


SP 
aS e N Nr and in the ſyſtem placed in O, it 


will be 50 o and if theſe velocities be made , 
we ſhall have SO' = — 2 22 T. Whence the 
diſtance of the centre of gyration O from the axis of motion 
at &, that is SO = y/ HCH 9 — | 


A+B+C x 


82 


P 


* 
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16. Gr. 1. Let b quantity of matter in any body ABRCS, p any 
83. pit, d ap, its diſtance from the axis of rotation SR, then the 


$2. 


ſquare of the diſtance of the centre of gyration, from the axis Y mo- 
tion, that is SO' = =/#" of « 17 the 8 of 


Core 2. If any y part of the ſyſtem be ſuppoſed to be placed in the 
centre of gyration of that particular part, the centre of gyration of 
the whole ſyſtem will continue the ſame as before. 

For by this Prop. the ſame degree of force which moved this 
part of the ſyſtem before, along with the reſt, will move it 
now without any alteration, and therefore if each part of the 
ſyſtem be collected into its proper centre of gyration, the cen- 
tre of gyration of the whole will continue the ſame. 


Ct: 3. If a circle be deſeribed from G, the centre of gravity of 
the ſyſtem, and the axis of rotation be made io paſs through any 
point & in its periphery, the diſtance of the centre of gyration from 
that point will always be the ſame. 

For (by Cor. 6. Prop. XLIV.) the quantity Ax SA* +B x SB* 
+ Cx SC? will be Ven. 


Cor. 4. The diſtance of the centre of gyration from the axis of 
motion, is a mean proportional between the diſtances of the centres 
of gravity and percuſſion, from that axis. | 

t follows from this and the laſt Prop. 

Ger. 5. The momentum or quantity of motion of the b ſyſtem, 
ating againſt an obſtacle at O the centre of gyration, is the ſame as 
If all the bodies were placed in O, the angular velocity remaining the 
Jang. For the momenta or quantities of motion are as n forces. 


SCHOL. 


It is the ſame thing on whatever ſide of the axis of rotation 
SR, the point O or centre of gyration be taken, provided it be 
at its proper diſtance. 

By a computation from Cor. 1. the diſtance of the centre of 


e from the axis of rotation, in the following bodies will 


In a right line or ſmall cylinder (revolving about the end) 

S 5 length Vr. 
2. The plane of a circle, or cylinder revolving about the axis) 

SO DD radius x y/ +. 
3. The 
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3- The periphery of a circle (about the diameter) SO —radius v 
1 1 ke plane of a circle, ( about the diameter) SO==t radius. 
5. The ſurface of a ſphere (about the diameter) SO — radius 


2 4 * globe (revolving about the diameter) SO radius x 4. 

7. In a cone (about the axis) SO radius & Vs. 

If the periphery of a circle revolve about an axis in the centre, 
perpendicular to its plane; it is the ſame thing as if all the 
matter was collected into any one point in that periphery, and 
the plane of a circle of double the matter of this periphery, and 
the ſame diameter, will in an equal time acquire the ſame an- 
gular velocity. o 

If the matter of any gyrating body were actually to be placed 
in its centre of gyration, it ought either to be diſpoſed of in the 
circumference of a circle, whoſe radius is SO, or elſe into two 
points O, diametrically oppoſite, equal and equi-diſtant from &, 
for by this means the centre of motion S, will be in the centre 
of gravity, and the body will revolve without any lateral force 
towards any ſide. 


„„ 


EF be any body at reſt in free ſpace, G its centre of gravity, the 84. 
points &, O, one the centre of ſuſpenſion, the other of percuſſion ; 
and if a moving body B ſtrike directly againſt the point O, the mo- 
lion generated in the. Body EF by the ftiroke Mall be ſuch, that in 
the time that the body makes one revolution about its centre of gra- 
vity G, the centre of gravity will move forward a ſpace, equal to 
the circumference of a circle, whoſe radius is SG. 


Let the body vibrate about the point S, and in a very ſmall 
time, from the poſition SGO, come into the poſition Sgd ; now 
the arches Cg, Od, will be as the velocities of the points G, O, 
vibrating about 5, therefore when it comes into the poſition 
SGO, if it were diſengaged from the point &, the centre af gra- 
vity G would ſtill move forward with the fame velocity Gg, and 
the body, inſtead of revolving about S, would (by Cor. r. 
Prop. XLIX.) revolve about G with the ſame angular motion 
as before; therefore if yGo be drawn parallel to Sgd, (g will 
repreſent the velocity of G, and Oo the velocity of O about G 
and becauſe Oo, Gg are very ſmall ſimilar arches, therefore 
their circumferences will be deſcribed in equal times, that is, 

M 2 in 
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Clin che time thar Oi or the-body itſelf, makes" ons us 


84. 


about G, the point G will advance forward a ſpace, ne 1 
the circumference of à circle, whole radius is SG.. 2 

Now this is the motion acquired by revolving about 5; but 
(by Prop. LVII.) if a body fo revolving, ſtrikes an immoves 
able object at O, both the progreſſive and circular motion will 
be deſtroyed, and the body will be at reſt. It is evident on the 
contrary, that if a moving body ſtrike the body at reſt in the 
point O, with the ſame force, the ſame motion will be reſtored ' "8 
1 7 and is wn ſame as above GENTE: 655 

Gr. 1. At the begining of the nen, 2 alſo es peyy el. Y 
volution of the body, 9 the line SGO comes into its original paſ i- 
tion, fo as to be perpendicular to the line of direction OB, the Point 1 
S will he at reſt for u moment. | 3 

For in this poſition, it will be (by this Prop. J as Alete) of A 
O about G: velocity of G:: OG: GS; and by compoſition, = 
vel. O about G A vel. G that is abſolute vel. G: abſolute: vel. 
G:: OGS or OS: GS; therefore ſince the abfolute | velo-· 
cities of O and G are directiy as their diſtances from &, it follows 
that the point & is at reſt. 


Cor. 2. Let à body 4 8 Xbody EF, and if V be the velo- 


- © citywhich'the body A would receive by thediret ftroke of B, then I ſay 


the abſolute velocity of the body EF (or of its centre of gravity G,) 
which it receives by B impinging at O,. will be SA . 


For let p be any particle of the body E. Ans Sp its diſ- 
tance from S, then (by Cor. 3. Prop. LVI:) if a body —= 
— 3 *? be placed in O, it will receive the ſame angu- 
lar velocity, by the ſtroke, about & at reſt, as the body EF when 
ſtruck in O, but (by Cor. 1. Prop. LVIII.) the fads of all the 


Sp x þ = SOX 8G body EF; ; whencethe body E e 


or A, placed in O, receives the ſame angular velocity hour 8, | 
as the point O of the body EF; but vel. of O or A: vel. G: 


= SG, for at the ne of the morden. S is at reſt, in 
or. I. 


cer. 3. Tir velocity inf in E iy the ſtroke, will be 22 i, 2575 . 
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For the ſum of the motions of all the bodies, after the ſtroke, v 1 6. 
is the ſame as the motion of B before it, by Prop. X. 8270 


"'S.C 0 1. 


The point $ is by ſome called the ſpontaneous centre of rotation, 
becauſe the body (or ſyſtem of bodies) at the beginning of the 
motion, moves as it were of its own accord, or without any com- 
pulſion, about the centre & at reſt. | 


PROP. LXI. 


Let DE be any body, C its centre of gravity, and if from the centre 
Cs, the circle B be deſcribed, and if about BFS as an axis, a 
cord ASBFS, be wound, and the end fiat at A; and if O be the 
centre of oſcillation, in reſpe# to the centre of ſuſpenſion S, then 
if the body deſcend by a rotation round the axis BE, by unwind- 
ing the cord ASBF, Sc. then I ſay tbe ſpace deſcended by the 


. whirling body DE, is to the ſpace deſcended in the ſame time, by 


a body falling freely, as SC to SO. | 


Through the point of contact & and the centre of gravity C, 
draw the horizontal line SCO, then (by Prop. LVIII.) the an- 
_ gular velocity of the body about the point of ſuſpenſion &, at the 

* of the motion, will be the ſame as if the whole body 
was placed in O; but if a body was placed in O, its velocity 
generated at the beginning will be the ſame as of a body fall 


ing freely; therefore drawing Sco infinitely near SCO, and the 


ſmall arches Oo, Ce; then the velocity of O, is to the velocity of 


the centre of gravity C, as Oo to Cc, or as SO to SC, that is, 


the velocity generated by a body falling freely, is to the velo- 
city of the deſcending body DE, as SO to SC. Now fince the 
points S and O are always in the horizontal line SCO, and the 
radius SC is given, and likewiſe (by Cor. 4. Prop. LVII. ) the 
diſtance CO ; therefore the velocities of O and C in any times 


will always be as SO to SC, that is, the velocity of a body de- | 


ſcending freely, is to the velocity of the whirling body DE, al- 
ways in the ratio of SO to SC, and therefore (by Prop, VI.) 
the ſpaces deſcribed are in the ſame ratio. 


Cor. 1. The weight of the body DE, is to the tenſion of the cord 
AS, af $0 To ED. 


For 


85. 
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86. Let W — weight of a body, $ = ſpace deſcribed by a body 4 
falling freely, then the ſpaces deſcribed by rotation or whirl- 


* 


6% CENTRE or OSCILLATION, „ 


Nn r 


F 16. For let the body be ſupported A O, then ſince C is the Fane. 
85. tre of gravity, therefore (by Cor. Prop. L. and Cor. 5. Prop. 


XIX.) the weight DE is to the preſſure at S, as SO to - NOW 
ff the point O be let go, the force acting at O will generate a 
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motion about &, whilſt the preſſure at'S, and conſequently the 
tenſion of the cord, is neither inereaſed nor decreaſed, but re- 


mains the ſame as before. - 


Cor. 2. Fa circular body as BF runs down an inclined plane, | 1 
whilſt the thread ASB (unfolds, or if a round body roll doton an in- 


clined plane, and by its friction be bindered from ſliding, tbe ſpace I 
ce deſcribed by a body ſliding 


it deſcribes in any time, is to the % 


down freely without friction, as SC to SO. 


For the forces that generate their motions are both decreaſed | 1 


in the ſame ratio, that is, as the abſolute gravity to the relative 
gravity upon the plane, therefore the ſpaces deſcribed will re- 
main in the ſame ratio of SC to SO, and in the rolling body = 


the 3 ſupplies the place of the cord, the ſame as if it had 
teeth. | EE 


Cor. 3. This motion of the body DE by rotation, is a motion uni- 


formly accelerated, and the lenſion of the cord is always the ſame, 1 


through the whole deſcent. | 


SCHOL. 


ing, in the following bodies, as SB, in the ſame time, are, 

1. In the circumference of a circle, SBF, or ſurface of a cy- 
linder, ſpace 4; tenſion of the ſtring = 2. _ 

2. In the circumference of a circle, SBF, without weight, 
and the weight be in the centre C; ſpace — S, tenſion of the 
ſtring ==: Os 


1 In the plane of a circle SBF, or a cylinder ; ſpace = , # 
and t | 


he tenſion of the ſtring AS — EW. 


4- In the ſurface of a ſphere SBF; ſpace — 4S, and the ten- : 1 


ſion of the ſtring AS — 2M. 


5- In a ſphere SF, ſpace , and tenſion of the thread I 


— 7 . 


KY 1 
Wo 


22 


1 
4 E l Lt 

* TS 22 . . 3 5 2 . 8 

FP. I I RPO 

enn RE ey Ac 

RR es FO: 


9 
4 FER 2 S Cz, 8 * 
3 I 3 

2 8 N 


P 
_ Fes 
* 
13 
* 
c 
* 
* 
a 
- % 
245 
i 4 
: 
» 
A 
N 9 
— > bf 
> 
* 
3 
4 
93 


** 
* 9 


1 


4+ 


$+*n42*#++ ++ 


—— 
* 


n 


7 
—— 
13 7 


— 


— 


— — 


1 


N 
9 
ol 
* 
1 
a” 1 : 
vn 
as 
1 
= 
1 


ey, x 
a” 


« 
e 
Y ; NY 4 © % 


"emo BF SE Duns. 


£ * 
* * 
2 wo 
- 


. 

— 1 
F 

4 3% as 

E 


SECT. vl. 
The quantity and direction of the preſſure of beams 


of timber, by any weights, and the forces ne- 
ceſſary to ſuſtain them. e p 


PROP. IXII. 


If a beam of timber be ſupported at C and B, lying upon the wall FIG. 


ACE, with one end, and if G be the centre of gravity of the 87. 
whole weight ſuſtained, and the line FGH be drawn perpendicu- 
lar ts the horizon, and CF and BH to CB, and BF drawn, 1 


Jay, | 


The weight of the whole body FH 
5 Preſſure at ibe top C| BH 


Thruſt or preſſure at the baſe B {FB © 
are reſpectively as ] and in ibeſe ſeveral directions. 


If the beam ſupport any weight, the beam and weight muſt 
be conſidered as one body, whoſe centre of gravity is G, then 
the end C is ſupported by the plane BCE, and (by Cor. 3. Prop. 
LIII.) the other end B may be ſuppoſed to be ſuſtained by a 
plane perpendicular to BF, therefore (by Cor. 1. Prop. LIII.) 
_ weight and forces at C and B are reſpectively as FH, BH, 
and BF. Ax. 58 


Cor. 1. Produce FB towards Q, then BY is the dire&ion of the 
preſſure at B ; and the preſſures at B in directions B, FD, DB, 
are as FB, FD, DB. 


Cor. 2. Draw Dr perpendicular to BC, and draw CD; then the 
wergbt, preſſure at the top, direct preſſure at bottom, and horizontal 
Preſſure at bottom, are reſpectively as CB, BD, DC, and Dr. 


For 
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' PRESSURE: or BEAMS. 


F or 6 nce the angles BCE, BDP are right, a circle deſcribed 
upon the diameter BF, will paſs through C, D; therefore . 
BCD = BFD ſtanding on the fame arch BD, and becauſe the 


E GBH and sat D are right, BHF — CBD, therefore the 


88. 


triangles FHB and CBD are ſimilar, and the figure DF — 
milar to the fi re, DBrC, whence FH: BH: BF: BD : 
as CB: naagh C and Dr. 


Gor. 3. All this holds true oF any fore inſtead of graviy, afting 
in direction 285 


P R O P. LXIII. 


If BC be any beam, bearing any weight, G the centre of gravity of 


' the whole, and if it lean againſt the r e wall CA and 
be ſupported in that poſition, draw BA, CF parallel, and FGD 
perpendicular to the borizon, and draw EB, then 


The whole weight FD 
Preſſure at the top C BD 
Tbruft or preſſure at the bottom B ( FB, 
are reſpectively as J and in the ſame diretlions. 


For the end C is ſuſtained by the on AC, and if the end B 
be ſuppoſed to be ſuſtained by a plane perpendicular to FB, 
then (by Cor. 1. Prop. LIII.) the weight, and preſſure at top 
and bottom, are as DF, DB, FB. If you ſuppoſe the end B is 
not ſuſtained by a plane perpendicular to FB, the body will not 
be ſupported at all, by Cor. 2. Prop. LI. 


Cor. V FB be produced to Q, then BQ is the dire@ion of the 
preſſure ar B, and the perpendicular preſſure at B ( FD) is equal 
6 the weight, and the borizontal preſſure at B (BD), is uk to 


tbe preſſure againſt C. 


PROP. UA. 


. If a beavy 1 or one bearing a Teight, be ſuſtained at C, and 
moveable about a point C; whilſt the other end B lies upon the 
wall BE. And if HGF be drawn through the centre of gravity G, 


* 


Set. VII. PRESSURE or BEAMS. 


89 


perpendicular to the horizon, and BF, CH perpendicular 10 BC, + 1G. 


and CF be drawn ; then 
The whole weight HF 
Preſſure at B HC 
Force acting at C. CF, 


are reſpettively and in theſe directions. 

For the end B is ſuſtained by the plane CB, and (by Cor. 2. 
Prop. LIII.) the end C may be ſuppoſed to be ſuſtained by a 
plane perpendicular to FC; or by a cord in direction CF, then 
ſince HC is parallel to BF, the weight, force at C, preſſure at 
B, are reſpectively as HF, CF, HC, by Cor. 1. Prop. LIL. or 
Or. Prop: LIE. | | „ 


Cor. But if inſtead of lyitly upon the inclined plane at B, the end 
B laid upon the horizontal plane AB, then the weight, the preſſure 
at B and C, are reſpectively as BC, GC, and BG, and in this caſe 
there is no lateral preſſure. 

For BF will be perpendicular to BA, and parallel to HF, and 
conſequently CF is alfo parallel to HF, therefore (by Cor. 5. 
Prop. XIX.) the forces at C, G, B are as BG, CB, and CG. 


PR © FD. 


If a beavy beam BC, whoſe centre of gravity is G, be ſupported upon 
two poſts BA, CD, and be moveable about the points, A, B, 
C,D; andif AB, DC produced, meet in any point H, of the 
line GF, drawn perpendicular to the horizon ; and if from any 
point F, in the line G, FE be drawn parallel to AB, T ſay 


The whole weight HF 
Preſſure at C HE 


Thruſt or preſſure at B, EF, 
are reſpectively as I and in theſe directions. 


For the points A, B, C, D being in a plane perpendicular to 
the horizon, the body may be ſuppoſed to be ſupported by two 
planes at B, C, perpendicular to AB, DC, or by two ropes BH, 
CH and in either caſe, the weight in direction HG, the preſſure 
at B, C, in directions HB, HC, are as HF, EFand HE. 


N Cor. 
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PRESSURE or BEAMS. 


116. Cor. Hence, whetber a body be ſuſtained by two ropes, BH, CH, 


90. 


91. 


or by two poſits AB, CD, or by two planes perp. to BA, CD, the 
body then can only be at reſt, when the plumb-line HG Fpaſſes through 
G, the centre of gravily of the whole weight ſuſtatned ; or which 
is the ſame thing, when AB, DC inter/eF in the plumb-line HG F, 
paſſing through the centre of gravily. 


SCHOL. 


By the conſtruction of theſe four laſt propoſitions, there is 
formed the triangle of preſſure, repreſenting the ſeveral forces: 
in which, the line of gravity (or plumb-line paſſing through the 
centre of gravity) apa repreſents the abſolute weight ; and 
the other ſides the correſponding preſſures. 


FNP : LAVEL 


If ſeveral beams AB, BC, CD, &c. joined together at B, C, D, 
Sc. and moveable about the points A, B, C, Sc. be placed in a 
vertical plane, the points A, F, being fixt, and through, B, C, D 
drawing ri, am, ip perp. to the horizon ; and if ſeveral weights 


be laid on the angles B, C, D, c. jo that the weight on any 
angle C may be as Es „Op, then all the beams will be 


kept in equilibrio by theſe weights. 


Produce DC wr. Then (by Cor. 2. Prop. VIII.) S. / ABC: 
S. ZABr :: weight B: force in direction CB — 2 and 


S. BCD: S. DCs :: weight: force in direction CB ===; 

which, to preſerve the equilibrium, muſt be equal to the force 

. : ; . BX S. AB. CX S. De- 5 : 

in direction BC, that is —— = ———-; whence B: C 
Z BC ; 

; 4 : and by the ſame way of reaſoning, C: D:: 

S. BCD S. CDE | . . 

Der © TED: therefore ex quo, weight B : weight D:: 
rer nec 

S.ABrx S.BCs © $.DC:x S,ED+ * * SABixS.CBI © $.CDpxS.EDp* 


Cor. 
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Set. VII. PRESSURE Or BEAMS. gr 


Cor. 1. Produce CD, ſo that Dy may be equal to Cr, and dra v 1 G. 
wx parallel to Dp, _—_— DE in x, then the weight C, the forces 91. 
in directions CB, and CD, are as rB, CB and Cr reſpetrively: 

and weight C is to the weight D, as Br io wx. | 


Cor. 2. The force or thruſt at C in direction CB, or at B in 
direction BC, is as the ſecant of the elevalion of the line BC above 
the horizon. | | 

For, force in direction CB : force in direction CD : : CB : 
Cr :: S. CrB or rn or CD: $.rBC :: col. elevation of CD: 
col. elevation of CB :: ſec. elevation of CB: ſec. elevation CD, 
becauſe the ſecants are reciprocally as the colines. 


Cor. 3. Draw Cp, Dm parallel to DE, CB, then the weights 
on C and D, to preſerve the equilibrium, will be as Cm to Dp ; and 
therefore if all the weights are given, and the poſition of two lines 
CD, DE, then the poſitions of all the reſt CB, BA, Sc. will be 


| ſucceſſively found. | 


For let the force in direction CD or DC be CD, then Cp is 
the force in direction DE, and Dm, in direction CB; and 
Dp or the weight D, is the force compounded of DC, Cp, and 


Cm or the weight C is the force compounded of CD, Dm, by 
Cor. 2. Prop. VII. 


Cor. 4+ If the weights lie not on the angles B. C, D, Sc. let 
the places of their centres of gravity be at g, b, k, l, and let g, 
b, E, I, alſo expreſs their weights; and take the weight B — 


As Bc Bh 1 8 
/ ( OE 


D, Sc. will be the weights lying upon the reſpective angles. 
This is evident by Cor. 5. Prop. XIX. 


Cor. 5. If the weights were to act upwards, in the direction: 
mC, PD, Sc. or which is the ſame thing, if the figure A, B, C, 
D, E, Fwas turned upJide down, and the weights remain the ſame, 
and the points A, F be fixt, as before, all the angles at B, C, D, 
Sc. and conſequently the whole figure, will remain the ſame as be- 

fore, and that whether the lines AB, BC, CD, Sc. be flexible or 
inflexible, cords or timbers. | 

This will eaſily appear by the demonſtration of the Prop. 
for the ratio of the forces at any angle C, will be the ſame, 
whether they act towards the point C, or from it, by Prop. VIII. 
that is, it will be the ſame thing whether the weight at any 

| 2 angle 
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92 PRESSURE or BEAMS, | 


r1G-angle C, acts in direction Cm or Cs ; and as the forces were 
91. ſuppoſed before to thruſt againſt C, the ſame forces now do 
pull from it. 


SCH Ol. 


92. If DABF be a ſemi-circle, whoſe diameter is DF, draw 
AG perpendicular to DF; then the force or weight at any 
place A, to preſerve the equilibrium, will be reciprocally as 
40, or directly as the cube of the ſecant of the arch BA. 

Likewiſe it follows from Cor. ;. that if any cords of equal 
lengths be ſtretched to the ſame degree of curvature, the ſtretch... 
ing forces will be as the weights of the cords, | 


SECT. 


SECT. VIIL 
The ftrength of beams of timber in all poſitions.; 


and their ſtreſs by any weights acting upon 
them, or by any forces applied to them. 


Pp R O P. ILXVII. 
Toe lateral ſtrength of any piece of timber, in any place, whoſe 


ſedlion is a redlangie, is directly as the breadth and ſquare of the 


depth. 


5 
Let BD be any beam, placed horizontally, and fixed at the x x 6. 
end BC; and let AFG be the perpendicular ſection ; divide 93. 


the depth AF into an infinite number of equal parts at a, &, c, d, 
Sc. whoſe number is AF or n, through which ſuppoſe lines 
drawn parallel to FG, and let any force be applied at P in 
direction DP, to break the beam at AF; then fince the ſtrength 
of the timber is nothing but the force by which the parts of the 
timber at a, 5, c, &c. cohere together, the breaking the tim- 
ber is nothing but overcoming this force, and ſeparating the 
parts at a, b, c. Suppoſe 1 ==force of coheſion of any of the 
parts Aa, ab, bc, Sc. and imagine QAa, Q Ab, QAc, Sc. io 
many bended levers whoſe fulcrum is at A, and let us ſee 
what will be the ſum of all the forces applied at Q to break the 
timber at A; now (by Cor. 1. Prop. XIX.) the power applied 


at 0) to equal or overcome the reſiſtances at A, a, b, e, Se. 

. Oo Aa Ab Ac Ad AF | 

will be 2 7 72” A WL, 2 Sc . to "=o * 
O 1 2 3 7 


that is, as 79 


"Ao ? "Ag * A . . . "©: 
Therefore the effect of all the forces applied to Q, or the whole 


ſtrength of the beam at A, will be © 43 or 


that is, becauſe AQ is given, as nn or AF*. Now if the ms 
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94 STRENGTH any STRESS 


r I G. FG be increaſed in any proportion, it is evident the ſtrength of 
93. Every part Aa, ab, Sc. will be increaſed in the ſame proportion, 
and therefore the abſolute lateral ſtrength will be as AF* x FG. 


Cor. 1. In ſquare timber the lateral firength is as the cube of 
the breadth or depth. ; 


Cor. 2. And in general, the lateral ſtrength of any pieces of tim- 
ber, whoſe ſections are ſimilar figures, are as the cubes of the ſimilar 
ſides of the ſections. 


Cor. 3. And in any pieces of timber, whoſe ſections are ſuch 
figures, that the correſpondent ordinates, parallel to the horizon, 
are proportional, the ſtrengths are as the breadihs and ſquares of 
the depths, or as the ſettions multiplied by the depths. 


289, Cor. 4. The ftrength of cylindrical pieces, or of any ſimilar pieces 
of timber, being forced or lwiſfted round the axis, will alſo be as the 
. cubes M the diameters. 


For let AD r, circumference of the ſection DEFG Dc, 
| Ap Dx, then the circumference par ==> and if the coheſion 
| of a particle at p be = 1, then the force applied at O to over- 
come it will be 705 and the force applied at Q to overcome 
the coheſion of all the parts, in the circumference pgr will be 
| IF * — or 77 X xx, and the total force at Q to over- 
ä come the coheſion of all the particles in the whole ſection DEFG 


C C 


IS — 10 5 the xx FX AO * PIT +0 © © 
0 h=*- 0 X ——, Therefore, becauſe AQ is given, and 


the ratio — and this force is the ſtrength of the beam, there- 
fore the ſtrength is as r* or AD». 


S — 


93. What is here ſaid of timber, is true of any ſhomogeneous 
bodies, whatever ſort of matter they are compoſed of. But the 


abſolute 
* Ward's Math, Guide, Part V. Lem. 3. 
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abſolute ſtrength of any beam, lever, rope, Sc. when drawn in x1 G. 
direction of its length, will be as the ſection of it. For every 93. 
part does in this caſe bear an equal ſtretch ; and the ſum of all 

the parts is equal to the whole, and that is as the fection. 


PR Q PF. LXVIIL. 


The lateral ſtrength of a tube or hollow cane AB, to that of a ſolid 94. 
one CD; is as the ſection of the tube (excluding the hollow), to 
the ſection of the ſolid cane, and the whole diameter of the tube 
to the diameter of the ſolid cane, nearly. 


For by Cor. 2. of the laſt Prop. The ſtrength of the ſolid 
cylinder BF is AF, and the ſtrength of the inner ſolid cylinder, 
whoſe fulcrum is at G, 18 EG?, and whoſe fulcrum is at F, is 
greater than EG and leſs than EF*, and is nearly F 
= Ai, that is AF*—2AF*® X AE nearly. Therefore the 
ſtrength of the tube AFiGE, is the difference of the ſtrength of 
theſecylinders, that is, AF* —AF* 4-2AF*® xx AEor2AF* x AE. 
Likewiſe the ſtrength of the ſolid cylinder DCH, is CH*. There- 
fore the ſtrength of the tube FB : ſtrength of the cylinder HD 
FAE: CIA. But the ſection of thetube is as AF* -E 
or AF*—AF—2 AE*4AFxX AE nearly. Whence, ſtrength 
of the tube VHB: ſtrength of the cylinder HD:: AF Xx AE : 
CHx CFP : : z4AFXAEX1SAF: CH* x CH: : ſection of the 
tube X 1+ 1ts diameter: ſection of the cylinder X its diameter 
: ſection tube x diameter: ſection eylinder x diameter, nearly. 


Otherwiſe. 


Let the area of the ring AEGF be diſpoſed into another ring, 
whoſe diameter is leſs than AF; then ſince every particle of it 
acts at a leſs diſtance from the fulcrum F, its ſtrength will be 
leis in proportion; that is, its ſtrength will be as the diameter 
of the ring. And when the ring is ſo far diminiſhed as to be- 
come an enire circle, the proportion of their ſtrength will not 
differ far from the proportion of their diameters. ' Let the dia- 
meter of that circle be R; then, ſtrength of the ring or tube: 
ſtrength of an equal circle : : AF: R. And the ſtrength of R 
to that of CH: : R: CH*. Therefore ex quo, ſtrength of 
the tube BF: ſtrength of the cylinder HD:: AF R* : Rx CH* 

: : I 
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circle CH. 
18 
Core... Hence the frength ” diferen tubes are as their ſections, 
and diameters nearly. 


- 


RO. LXIX. 


if any force. he. applied lenetally 10 a lever, or beam; the ftrefs | 
upon any place is direcily as the force, and its diftanc From that 
Wares BN 


For ſuppoſe PAP t to be a bendad lever. It 1 evident the 
greater the power at P, the greater force is applied at F to 
ſeparate the parts of the wood. Alſo the greater the diſtance 
AP, the greater power has any given force applied at P, to 
overcome the coheſion of the wood at F; and therefore the 
whole ſtreſs depends on both. L 


( Chr" 1 54 two equal RN lie 1 pon 40 middle af 1200 * 
or upon any other ſimilar places C; the flreſs in theſe is will, be 
as the lengths of the beams. 


158 if C be the middle point; then 4 DS half the weight; 
therefore the ſtreſs at C is as ACX4 weight. And becauſe half 
the weight, or the force acting at A is given; therefore the 
ſtreſs. is as AC or half AB, and therefore as AC. And if C be 
in any other ſimilar ſituation in both beams, the ſame thing will 
follow. 


Gor. 2. 1f two beams bear two. Werbe proportional to their 
lengths, and in a-like ſi ann, the Ver upon each will be as the 


ſquare of its eg th. 


Cor. 3. And if two 3 TOR. 7200 b reciprocal as their 
lengths, na ſi milar 8 tbe fires ors the weights lie is 
—_ in 10 | 


PROP. 


®- 


Set. Im. 3. 500 DINBERG 177: p.,, 


A 


"PROP, 1XX. 


Let AB be any beam of a given length, ſupported at A and B. v1 0. 
and any given weight eitber ſuſpended at any point C, or equally 97. 
diffuſed through the whole length of the beam AB ; T ſay, in either 
caſe, the firefs of the beam in C 7s as ibe rectangle ACxCB. 


25 


Let the given weight be repreſented by the given length of 
the lever 455 N (by Cor. 5. Prop. XIX.) the weight at 
A, and the re- action equal thereto, will be CB; and by the 
laſt Prop. the ſtreſs at C will be as the force acting at A diſ- 
tance AC, that is ACXCB. _ Ki Ws 


: CA8E a 
Let AB be divided into an infinite number u of equal parts, 


each 1; then as AB repreſents the whole weight, 1 will be 
the weight ſupported upon 1 part of the beam, let it reſt at p ; 
then 4 — its preſſure on B; therefore | (by the laſt Prop.) 
the ſtreſs at pis £22, and the ſtreſs at C is E , arif 
ing from the weight at p; conſequently the ſtreſs at C ariſing 
from the ſum of all the weights between A and C will be 


cirt2t3 = 1, BC that is, (becauſe AC is the number 


of them) — And by a like reaſoning, | the ſtreſs at C 


ariſing from the whole weight between B and. C, will be 


CB? AC | | : 
—X ; conſequently the whole ſtreſs at C is 


AC? x BC + CB? N AC ACK AB AC% CB 
2AB — 15 X ACX CB = — N 


Cor. 1. Thegreateſt ſtreſi of a beam is in the middle, the weight 


being either ſuſpended there, or equally diſpoſed over the whole length 
of the beam. | | 


* 
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FIG, Cor. 2. The fireſs of the beam at any _ p, by a weight ap- 
97. plied to any other point C, is as Ap X C 
For AC X CB is the ſtreſs at C, and 85 Prop. laſt) Ap X CB 
will be the ſtreſs at p. 


Cor. 3. The ſtreſs of the beam at any point Go by 4 weight ſuſ- 
pended 3 is double the ſtreſs of he beam at the ſame point C, 


by the ſame weight preſſing uniformly on all parts of the beam. 
For by Caſe I. the ſtreſs at C is AC X CB; and by Caſe II. 


the ſtrefs at ch. 


Cor. 4. The fre, of a beam at any point C, by a weight ſu 2 
pended there, is double to the firęſs at C, when the ſame Wen is 
WIT diſperſed on all the parts of AC. 


If a weight prefs equally on all the parts of pC, the 

a at © by that preſſure, is to the fre at C, when ſuſpended at 
C:: as Ap AC, to 2AC. 

For (by Cor. 2.) the ſtreſs at C, by the weight 1 lying at p, 

is Ap X CB, and at C, is AC X CB; therefore the whole ſtreſs 

at C, by the whole weight on all the points of pC is the fum of 


all the Ap x CB = Ap + Ap +1 +Ap+2 ... AC: X CB 
XL x pCX CB . But the ſtreſs by the whole weight at C is 


AC X ch Xx and the former is. to the latter, as 2. 
to AC. | 


Cor. 6. If a weight preſs equally on all the parts of 
 fireſs at any point C by that weight, is to the fireſs at C if 2 
there : : as Ap to 2AC. 


For the ſtreſs at C by all the weight on Ap, is 
0+142 . 4p Xx CB== x CB. And the ſtreſs by the 
weight Ap at C is Ac X CB X Ap. | 


Cor. J. The ftreſs at p by a weight at C, is equal to the fireſs 
at C, FL the ſame — at p. * m 


PROP. 


Sed. VIII. i enn oo 


PROP. LXXI. 


if CD be a prominent beam, fixt horizontally at the end C, as in ax x 6. 
wall, and if a weight proportional to the length of the beam, be gg. 
diſperſed uniformly on all the parts of the beam, the ftreſs at any 
point F. will be as DF®, the ſquare of the diſtance from the ex 


tremity. 
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For let FD be divided into an infinite number of equal parts 
at p, 9, 7, 5, Sc. and let each be = 1, and ſuſtain the weight 
1, then (by Prop. LXIX.) the ſtreſs at F, by the weights 
at F, p, 9, r, Sc. will be 1X o, 1x Fp, IX Ig. Sc. or as 

O, 1, 2, 3. Sc. reſpectively, therefore the whole ſtreſs at C 
will be 0-1 +2+3 +. » . F = — 


Cor. 1. Hence the ſtreſs at F, by any weight ſuſpended at D, 
will be double the ſtreſs at the ſame point F, when the ſame weight 
preſſes uniformly on all the parts between Fand D. 

For (by Prop. LXIX.) the ſtreſs at F by the weight DF, is 
DF DFor ED*. 8 1 


Cor. 2. The ſtreſs at the end BC, by the weight P, is the ſame 
as the ſtreſs upon the middle of a beam of twice the length DC, with 
{wice the weight P laid on its middle, this beam being ſupported at 
both ends. | | 

For the ſtreſs now at C, is the ſame as if DC was continued 
to the ſame length beyond C, and a weight equal to P ſuſ- 
pended at the end, and then the fulcrum C will be acted on 
with twice the weight P; and this is the ſame as if the beam 
"_ {+ m_ upſide down, and twice the weight P laid on the 
middle C. 8 


P R Or. LXXEL. 


F there be two beams flanding aſlape, and bearing two weights gg, 
upon them, either in the middle, or in any given ſituation, or 100. 
equally diffuſed over the whole length of the beams ; the ſtreſs 
upon them will be directly as the weights, and the lengths, and 
the coſines of elevation. 

| O 2 For 
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r 1 G. For (by Cor. 1. Prop. XXXI.) the weight is to the preſſure 
99. upon the plane, as radius to the coſ. elevation, therefore the 
100. preſſure i is as col. elevation weight, and this is the force act- 

ing againſt the beam; therefore (by Prop. LXVIII.) che ſtreſs 
will be as its length and this force, that is, as the length, the 
wants and coſ. elevation. 


Cor. 1. 1f the weights and length of the beams be the ſame, the 
Arge will be as the coſine of elevation, and therefore grealeſt when 
it lies horizontal. 


Cor. 2. If the Boams lie borizontal, or at any equal mcls, 8 
and the weight. be as the length, then the ſireſs is as the ſquare of 
tbe lengib. 


99. Cor. 3 7 the weights are equal, on the borizontal beam AB, 
and the cp one AC, and BC be perpendicular to AB, then the 
a will be equal upon both. 
or the length x col. elevation is the ſame in both, or IN 
col. A — ABN; radius. 


Cor. 4. But if the weights on oh ſame beams be as their — 
then the, refs will alſo be as their lengths, AB. and AC. 


Cor. 5. And univerſally, the fireſs upon any point of a FRE 
beam, is as the rectangle of the ſegments, and the weight, and cof.. 
inclination, dire#ly, and the length of the beam reciprocally. ; 

97. For in the horizontal beam AB, if the weight lie upon 


C, the preſſure at A will be Jg N; and (by Prop. LXIX.) 
this preſſure or ene AC, will be as the ſtreſs at C, 
that is, Nc V, is as the ſtreſs at C, and if the beam lie 


aſlope, the ſtreſs (by Cor. 1. Prop. XXXI.) will then var, in. 
proportion to the coſ. elevation. 


PR O P. LXXULT. 


1f any beam of timber be to ſupport any weight, or preſſure, or force, 
atting laterally upon it, the breadth multiplied by the * 4 


Sec. Ii. er +TLMBEK” © - ror 


the depth, or in ſimilar ſections, the cube of the diameter, in x 1 G. 
every place, ought to be proportional to the length multiplied by 

the weight or force acting on it, or as the ſireſs in that place: 

and the ſame is true of ſeveral different pieces of timber compared 
together. I: He 7h wall Wi ay 


For every ſeveral piece of timber, as well as every part of 
the ſame timber or beam, ought to have its h propor- 
tioned to the weight, force, or preſſure it is to ſuſtain, and 
therefore the fireng!b 7 * to be univerſally as the frefs upon 
it; but (by Prop. LXVII.) the ſtrength is as the breadth 
ſquare of the depth; and (by Prop. LXIX ) the ſtreſs is as the 
weight or force x by the diſtance it acts at, and therefore 
theſe muſt be in an invariable ratio. 9 G05 ne 


Cor. 1. If AEB be a prominent beam fixt at the end AE, and 102- 
ſuſtaining a weight at the other end B, and if the ſefions in all 
places be ſimilar figures, and CD be the diameter in any place C, 
then CB will be every where as CD? ;. and if ACB be a right line, 
EDB will be a cubic parabola ; therefore + of ſuch a beam may 
be cut away without any diminution of the ſtrengib. 

But if the beam be bounded by two parallel planes, perpendicular 
ts the horizon, then CB will be as CD*, and then EDB will be 
the common parabola ; whence a third part of a beam may be thus 
cut away. | 


Cor. 2. But if a weight preſs uniformly on every part of AB, 102. 
and the ſefions in all points as C, be finular, then BC will be 
every where as CD, and EDB a ſemi-cubical parabola. 

But if the beam be bounded by parallel planes, perpendicular to the 101. 
borizon, then BC will be as CD, and EDB aà right line; here 
balf a beam may be cut away, without lofing any ſtrength. | 


Cor. 3. If AB be a beam ſupported at both ends, and if it bear 103. 
a weight in any variable point C, or uniformly on all the parts of 
t; and if all the ſections be ſimilar figures, and CD be the dia- 
meler in that place C, then will CD* be every where as AC. CB. 
But if it be bounded by two parallel planes, perpendicular io the 
Horizon, then will CD* be every where as ACXx CB, and therefore 
the curve ADB is an elligſis, ſuppoſing AB a right line. 


Cr. 4. But if a weight be placed at any given poin P, and all ro4. 
Jefions are ſimilar figures, and if CD be any diameter, then will 
BC be as CD), and AQ and B are two cubic parabolas. 


But 
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110. But if the beam be bounded by two parallel planes, perpendicular 


104. 


to tbe borizon, then BC is as CD*, and AQ and B are two com- 
mon parabolas. + Ba fy 


— 


Cr. g. All circular Plates, whether great or little, being of the 


ame matter and thickneſs, and ſupported all round on the edges, will 


290. 


291. 


lar ones. 55 

For let AD, ad, be two ſquares, and let them firſt be only 
ſupported at the ends AB, CD, and ab, cd, then by this Prop. 
(fince the thickneſs is given) AB: AC x weight on AD : : ab 
ac x weight on ad, and weight on AD: weight on d:: 
AB ab AB ab | . a 2 
= 2 but — => therefore weight on AD = weight 
on ad, when the plates are only ſupported by AB, CD, and 
ab, cd: and for the ſame reaſon the weights will be equal, 
when only ſupported by the ſides AC, BD, and ac, bd; and 
conſequently the weights will ſtill be equal, when the plates are 
ſupported by all four ſides, in which caſe twice the weight . 
will be ſupported ; and the ſame holds equally true of all fi- 
milar figures. For, 4 

Let AD, ad, be two hollow circles, draw the inſcribed ſquares 
ABCD, abcd, theſe ſquares are ſupported upon the four ſides 
AB, BD, DC, CA, and ab, bd, dc, ca, by the continuity of 
the plates, therefore the weights will be equal, as was proved 
before : and that the continuity of the plates will equally ſup- 
port the weights in both circles, is plain, becauſe the ſtrength 


bear equal weights ; the ſame is true of ſquare plates, or any ſimi. 


of both ſegments AB, ab, are equal, the length being as the 


breadth. 


Cor. 6. Hence, the weight a ſquare plate will bear : 
To the weight which a bar the ſame maiter and thickneſs will bear: : 
As twice the length of the bar : 
To us breadth. 
And a circular plate is but very little weaker. 


SCHOL 


All theſe things appear from the foregoing propoſitions, but 
it is here ſuppoſed that the timber is . and of the 
ſame goodneſs, otherwiſe a proper allowance muſt be made for 
the defect. And what is here ſaid of pieces of timber, holds 
equally true of any other ſolid bodies, ſuch as pieces of metal, 
ſtone, Sc. And if pieces of timber or metal be cut into the 


figures 


Sed. VIII. oe TIMBER 1: 


its ſhape ought to be as in Cor. 1. and then every part will 
bear a ſtreſs proportional to its ſtrength, ; | 


PROP. IXXIV. 


103 


figures mentioned in the foregoing corollaries, all the parts will rr 6. 
be diſpoſed to break together; and if a ſpring is to be made, 291. 


If a weight A be ſupported | uponthe end of a crooked prece of timber 105. 


ABD, and from the ends a line AB be drawn perpendicular to 
the horizon, and from the angle B, the line BC perpendicular 1 
AD; the ſtreſs at B will be as the perpendicular BC. 


For as the weight A acts not in direction AB, but in direc- 
tion AD, therefore it is the ſame as if it were applied at the 
point C; but a force applied at C, has a greater power to break 
the timber at B, in proportion as the lever BC is longer, this 

force therefore, or the ſtreſs at B, is as BC. | 


Or. 1. Hence if any i tuo forces acting from or againſt one another, 


at the ends A, F, of any crooked beam ABDEF, and keep one ano- 
ther in equilibrio, and the line AF or the direction of the forces 
being drawn, the flreſs at any point, is as the perpendicular upon 
AF; fo the ſtreſs arb is be; at B, BC; at D, DI; at E, EK; 
and at G, H, nothing. 0 5 


Cor. 2. Hence alſo, that the firength in any part , may be et 


portional Io the flreſs there, the breadth multeplied by the ſquare of 


the depth, muſt be as the perpendicular bc ; reckoning that the depth, 
which is in the plane paſſing through AF. 5 


FR UP. LV. 


Having the tength AB and weight M, of a cylinder or priſn, that 107. 
can juſt ſupport the weight P at e, 10 fond tbe lengub of — 


anai her team FG, ſimilar to the former, and-of the ſamt waiter, 
bat will juſt break with its mon-weight, ar any _fupport i 
Since 


106. 


. —.̃ = ̃ 7 ͤ vt= ns a 
* - 
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| 116. 


107. 
108. 


109. 
110. 


r W (:: "AC: FHP) :: AB : FO. Whence — 
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Since the weights of ſimilar ſolids of the fare matter, are 
as the cubes of che lengths, it will be, AB* : :: "Bo": 5 4 
75 . = the weight of the beam GH; then by Cor. 2. 
Prop. LXVII. the ſtrength of the beam AB is 40, and of FG 
is HH; and by Prop. LR. the ſtreſs at Ais DTP AB. : 
and the ſtreſs at F is li. * FG; and ſince the beams A 
are both ſuppoſed to break with theſe weights, therefore the 2 
1 8 muſt be as the ftreſs, that is, T PAR; 3 
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F xb. or BOX W=ABXWAAT: Whence 
W: WP: : AB : NM, the length required. 4Y 


Gore 1. Hell =I, then e Ab 42e. 1 1 


Cor. 2. Hence there is one and only one beam, that will 11 break | 
by ils own weight, or juſt Run iel. 'Y 1 


» The ſame Prop. will likews iſe bold good, in regard to two! 2 
beams ns oppor at both ends and breaking in the middle, by Cor. 3. 
Ns N : 


N If the beam FG break byits own weight, a beam of twice 
the ” 75 FG, and fupporied at both ends, will alſo break by aey 
own weight ; or if one ſuſtain #felf, the other will. 4 I 

For t - fireſss is the ſame in both of them, by Cor. 3. Prop. 
LXX, and Cor. 1. Prop. LXXI. each of them being equal to 
the ſtreſs of a beam, Un F, and ſulpended in 
the middle. 


PROP. LXXVI. 


Fam weight be laid on the beam AB, as at C, or any force api 1 
plied to it at C, the beam will be bent through e, GD prod | 41 
PHPortional to the wergbt or force applied at C, and the n I : 
776 the beam will be as * it is beut through, nearly. 2 
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Seck. VII.. „ TEUMBERa Ta © any 


In order to find the law of reſiſtance of beams of timberor x 1 6. 
ſuch like bodies, againſt any weights laid upon them, or ſtrain- 109. 
ing them; I took a piece of wood planed ſquare, and ſup- 110. 
porting it at both ends A, B. I laid ſunceſſively on the middle 
of it at C, 1, 2, 3, 4» 5, 6, 7, and 8 pounds; and I found tũhe 
middle point C to deſcend through the ſpaces 1, 3, 1 % L 6... 
7, and 8, reſpectively. And. repeating the ſame experiment 
with the weights 3, 6, 9, lb. they all deſcended through ſpaces, 
| eitheraccurately or very nearly as the numbers x, 24 tried 
| the ſame thing with ſprings of metal, and found the ſpace 
through which they were bent, proportional to the weight ful- 
pended. I alſo tried ſeveral experiments of this kind with wires, 
hairs, and other elaſtic flexible bodies, by hanging weights 
at them: and I. found that the increaſe of their lengths, by 


| Aretching, was, in each of them, proportional to the weights 


hung at them: except when they were going to break, and 
then the increaſe was ſomething grrater. It may be 


that none of theſe bodies regained their firſt figure, when the 
weights were taken off, except well tempered ſprings , ſo that 
there are no natural bodies perfectly elaſtic, ' And even ſprings | 
are obſerved by experience to grow weaker by often. bending ; 
and by remaining ſome time unbent, will recover part of their 
ftrength : and are ſomething ſtronger in cold than in hot weather. 
But at any time a ſpring, and all ſuch bodies, obſerve this law, 
that they have the leaſt reſiſtance when leaſt bent, and in all caſes 
are bent through ſpaces nearly rtional to the weights 'or 
forces applied. And therefore 1 think this law is ſyſiciently 
eſtabliſhed, that the reſiſtance. any of theſe bodies makes, is 
proportional to the ſpace thrbugh which it is bent; or that it 
exerts a force proportional to the diſtance it is ſtretched to. 

The knowledge of this property of ſpringy bodies is of great 
uſe in mechanics; for by this means a 1 may be ez 
to pull at all times with equal ſtrength, as in the fuſee of a 
watch. Or it may be Ee. 8 to draw in any proportion of 
ſtrength required. re 4 

The action of a ſpring may be compared to the lifting up a 
chain of weights, lying upon a plane; or to the liſting a cylin- 
der of timber out of the water endways. | 
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, 7110. To oY the lateral Arength of __ timber, whoſe meu 
+," EEE 111. 8 ſetion is 2 | 


—_ 4; 1 ebe e of the 3 
pPreas. Draw the ordinates IN, e 


and el to the baſe RG. 
* . FR Put ER = A J 
1 3 „ A TIR=v „„ 
Tbe abſolute ft th of one fibre of the 37 IT 


When the beam bres it is done by the ſeparation of the 
e the wood at E. Therefore QRE muſt be eſteemed a 

ded lever, whoſe fulcrum is at R. When the beam breaks, 
the fibres at E are ſtretched to their full ſtrength, but thoſe 
nearer R are leſs ſtretched, and exert leſs force or reſiſtance in 
proportion to their diſtance from R oy the laſt Prop.); and 


therefore the reſiſtance of a fibre at 1 === and the reſiſtance 


of all the fibres in the parallelogram 1 = — X In; and the 
power of all the — in the eee in regard to the 
brachium IR, is = — X In. And the ſum of all the powers 


| in the whole fetion'=/ſum of all the * In. 


Let g, p, be the diſtance of the centre of gravity and per- 
cuſſion from RG, as the axis of motion. 

Then (by Cor. 1. Prop. LVII.) the ſum of all the vv In 
gp X ſum of all the In —gp X ſection ERG. And the ſum of 


all the > In H X ſection ERC. Therefore the ſtrength 
of the beam at E, is = x ſedtion ERG. 


112. Cor. 1. If there be taken RO. EE; then all the fibres of 


the wood being ſuppoſed to be colleBed in O, and acting there with 

their full firength ; ibeir total ſtrengib at O, Mall be equal to the 

Arengib of the beam, at the ſection ERG. | * 
or 


Sect. vm. 45. IM REAR A Are v 


ther 10. 
beam, or 7 7 * ſection ford af on Boe. * 112. 


1 2 to be ſoch a pelng chen dhe ſtrength 0 


ifs 1. . 
— 


"A 


Cor. 2. If the Labin be @ parallelogram, = 7 
therefore RO Ad. 


In a circle whoſe diameter is ER, 454% p=44, and RO. 
Sund, AA nearly, as in the parallelogram.. . 

u tbe periphery of a cirele ys bean being. a bellow cane} Zz * "A 
and P =44, whence RO = 4 d, nearly, « as is the parallelo- 

am. 

In a mew whoſe baſe is at E parallel to the horizon, and ver- 
tex at R; g Ad, and p +, and RO Ad. * its 5 firength 
mx of the triangle. 
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_ Or. 2. The frength of a 80 3 when twiſted, wreſted, or wrung 2 89. 
round ils axis, is equal to the lateral ftrength of a triangular beam 
whoſe bright = radius, baſe = circumference" of the c MF ; _ 
verlex of the triangle at 

oO 


For let A D=r, cire. 2 =Cc, ape, cir. ter = | 
The reſiſtance of a fibre at Dis 1, and ag is ===, and- the 


reſiſtance of all the fibres in Par is = = — and the reſiſtance 
of the fibres in_pgr, in regard to the 'brachium #4 is = 2 
— Xv; and the total power "of all the fibres i in the whole ſec- 


tion DEFG i x ſum of all the v. ==x 1 5 + z' 
Þ+ 4 to r . SNK . therefore the ſtrength 1 — #5 6 


>: . 
A 3 - 
* ores 7 > <þ;* 


And in the "<—_ the area being © — and d= * and U 


ſtrength = 9 the 8 as for 35 Wert * 
linden. a 3 8 A * 


This cor. 2. does not 1 fo well Th pr as api. for 
the texture of wood is not the fame in length a as TIER. "For 
C2 


* Ward's Math. Guide, Part V. Lem. 4: 


A 
+ 
©» 
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sTRENoTR 
I odd 8 compoſed of long Nender tubular fibres, j 


kD STRESS! / 
1 


en gether, by 2 glutinous matter, Which is eaſil e and 
therefore wood | is ett more eaſily Iplit Gan brd. OO 
\ 8 ** - 1 LITE IE BT x ICIS 7D hy - 
7 3% Van 11 n | . % ' 1 | BJ 
04 dub 'PR 0 *. IXXV II. 


FI Ge Given the rotight 1 wilt break a * teratly 3 to bu. much 


113. 


voll break it when drawn in 
Te DR be the beam. 
Put Il length DE, 


ROE ws its MES 


i weight applied at D, that can xy EY i al „E. 


=” = SR ER, 
—==diftance of the centre of 


avityof the ſeftion ERG from X 


= diſtance of the centre of percuſſion of ERG from RG, 
Then Zu weight that will break it when drawn Gat 


its = > a 
But if 1 


beam be ſupported at both ends, 9 W 


zt in the middle; g and p muſt be meaſured from the upper ſide, 


and take l for half its length,} 


Jer balf the weight that breaks it. 


For by Cor. 1- of the laſt Prop. if RO = ff „ then all the fi- 


bres of the beam at O, 


will be e e af 


the beam; and ſince applied at D, can break it in either 
caſe, therefore by the nature of the lever, it will be, J x F= 


RO & abſolute ſtrength — 


£2 x; abſolute ftrength, therefore 


the abſolute ftrength . or the weight that can break it, 


when * — 


Or. i: if there be token RL =, Ok the weight 


which being applied at L, will juſt 


break the beam boxizontally, 


the ſame will juft . it aſunder, when applied lengthways. 
For then IA, and weight r 


af the whole * 


Therefore 
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Therefore if a piece of oak, an inch f a foot long. 1.6. 
ſupporte at both ends, bears 315 lb. bells i Ireaks ; 1 113. 
bear, when drawn in length, 2635 16-07 x von dene 
ſtone, 1 Wan 
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"Here n alo arge tha this ee at R remains 
fixt ; but if it ſhould vary by the denting in of the parts at R, 
nt will cauſe a little variation in the ſtr , and make the beam 
ſomething weaker laterally. And that it will yield a little this 
way, is evident from experiments; for the hardeſt bodies, fuch 
as glaſs in ſmall threads, may be extended in length, and conſe- 
quently may be contracted by a contrary force; and balls of 
glaſs or wood, let fall upon a hard body, will rebound work 
they cannot do without the denting in of the parts.) 111 


> a 


PROP. IXXRX. 


Fs 4 Ls be laid upon the firaight beam AB, e heh 114. 
ends; its bending or curvalure will be nearly as the weight and 
length dire ly; * as the breadib and cube of the depth recipru- 
cally. 


It is found by Prop. IXXVI. chat «af ſeveral cas be laid 
ſucceſſively upon a Kota beam AB, the ſpace CD, through 
which the point deſcends, will be as the weight it bears. Now 
the parts at e, /, which are contiguous at the beginning of the 
deſcent, are gradually ſeparated ; till at laſt the beam 1 
At which time, when it can bear no more, the infinitely ſmall 
diſtance ef is a given quantity. If CD be fuppoſed very ſmall, 
then CD is as the curvature at D, and this curvature 1s as the 


= SOR and when it breaks, 


ider of an n 
then (by Prop. Ill n or geregelt 


th; 


bs ag . Therefore put 2 L=fer the greateſt weight, and 
| 111 ll 


„ 


I ene STR E'N'G'TH' any: STRESS" 


F | A fr EY a 

. C. the correſpondent curvature. | And | Ls -ill 1 be. as 
N 5 „ er EE | 
| . 1s K N. 


8 2 
8 5 


Gor. 1. The guantily of A flexion CD of any beam is as the 


: Weight and cube of the length diretty, and the eh and cube f 
be depth reciprocally. 


For when C is very ſmall, ADB. is very near a circle, or 
. | | , nearer a parabola; ſuppoſe it a circle, and 7 its radius be R; 
1 | 'then 2 Rx CDA or + LL therefore 77 =77" NN 
15 Lu 

"4 => is as the curvature C, that is as 5 „or CD is 6 

- Ard if ACB, the original 1 of the beam, B not a a right 
line; yet CD vill ſtill be of the ſame . 


Cor. 2. In 1 milar homogeneous fraight bodies, the curvature is as 
the weight direfly, and cube of the depth reciprocally ; but the de- 
| 18 CD is as the weight directly, and depth reciprocally. 


* Cor. 3. In ſi milay bodies bending from a Rraight line, by their own 


5955 the curvaſure rs given ; and the deflexion i is as the He 
depth. © 1 


Cor. 4. In ibe utmoſt ſtrengtb ef beams, or their breaking 1 
the curvature is reciprocally as the depth ; and the defiexion as the 


Jquare of the length 2 and fe depth retiprocally. 
For then b * Df? is as L 


r. 5. M bai is ſaid of 'Braight hin is 1 true f any 
1 in regard to the increaſe or variation of TORT. and 10 
the deflexion from their original poſition. 


"SCH UEL I 


What is ſaid of beams of timber in this ſection, is ual = 
plicable to any ſolid bodies, ated on in a like manner as by 
weights. There are ſome bodies, in which a very little bend. 
ing may have a great effect; as in the glaſſes of large teleſcopes. 
For (by Cor. 3. of the laſt Prop.) the deflexion from their 
true figure, ariſing from their own weight, is as the ſquare 7 
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the diameter, when the glaſſes are ſimilar. And though this 2 6. 
be inſenſible in ſmall glaſſes, it may produce ſome ſenſible error: 
in large ones: and the fame may happen to them in grinding 


by too much preſſure. 1 i e 
From the foregoing propoſitions it follows, that if a certain 
beam of timber be able to ſupport a given weight; another 


beam of the ſame timber, ſimilar to the former, may be taken 


fo great, as to be able but Juſt to bear its on weight. And 


any bigger beam cannot ſupport itſelf, but muſt break by its 
— weight; and any leſs Pam will bear ſomething more. 


For the ſtrength being as the cube of the depth, and the ſtreſs 


_ as the matter and length, is as the 4th power of the 
dep 


: it is plain the ſtreſs increaſes in a greater ratio than the 


ftrength. Whence it follows, that a beam may be taken ſo 
large, that the ſtreſs may far exceed the ſtrength; and that, 
of all ſimilar beams, there is but one that will ſupport itſelf, and 
nothing more. Likewiſe if any beam can bear 10 times its own. 
weight; no other ſimilar beam will do the ſame. And the like 
holds in all machines, and in all animal bodies. And hence 


there is a certain limit, in regard to magnitude, not only in alt 


machines and artificial ſtructures, but alfo in natural ones, which 


the ſame matter, and in the fame proportion of parts. 


neither art nor nature can go beyond; ſuppoſing them made of 
Hence it is impoſſible that mechanic engines can be increaſed 


to any bignefs. For when they arrive at a particular ſize, their 
ſeveral parts will break and fall afunder by their weight. Nei- 
ther can any buildings of vaſt bigneſs be made to ftand, but 
muſt fall to pieces by their great weight, and go to ruin. 
Vaſt columns and pyramids will break by their weight and 
tumble down. | 13 | 

It is likewiſe impoſſible for nature to produce animals of any 
vaſt fize at pleaſure; or any fuch thing as giants, or men of 
prodigious ſtature : except fome ſort of matter can be found to 
make the bones of, which is fo much harder and ſtronger than 
any hitherto known : or elſe that the proportion of the parts be 


fo much altered, and the bones and muſcles made thicker in 
proportion; which will make the animal difterted and of a 


monſtrous figure, and not capable of performing any proper: 
actions. And being made fimilarand of common matter, they 
will not be able to ſtand or move, but being burdened by their 
own weight, muft fall down. 

Thus it is impoſſible that there can be any animal fo big as to 
carry a caſtle upon his back ; orany man fo ſtrong as to remove 
a mountain, or pull up a large oak by the roots: nature will not 


admit 


C 


e . N . 
. 2 * e „ Fra; 
l = _ \ 
ay F 


t o. admit of theſe things ; whence it is impoſiible there can be ani. 


* 


mals of any ſort beyond a determinate bigneſ sg. 


- Fiſh may indeed be produced to a larger ſize chan land mi- 


mals; becauſe their weight is ſupported by the water. But yet 
they cannot be increaſed to immenſity, becauſe the internal 
parts will preſs upon one another by their weight, and deſtroy 
On the contrary; when the ſize of animals is diminiſhed, their 
ſtrength is not diminiſhed in the fame proportion as the weight; 
and'therefore a ſmall animal will carry far more than its own 
Ro” whilſt a great one cannot carry ſo much as its weight. 


faſter, jump farther, or perform any motion quicker, for their 
weight, than large animals: for the leſſer the animal the greater 
the proportion of the ſtrength to the ſtreſs. And nature ſeems 
to know no bounds, as to the ſmallneſs of animals, at leaft in 
regard to their weight. e ir RR 
Neither can any two unequal and ſimilar machines, reſiſt any 
violence alike, or in the ſame proportion; but the greater will 
be more hurt than the leſſer. And the ſame is true of animals; 
for large animals by falling break their bones, whilſt tefſer ones 
falling lower receive no damage. Thus a cat may fall 2 or 3 
yards high and be no worſe, and an ant from the top of a tower. 
It is likewiſe impoſſible in the nature of things, that there 


can be any trees of immenſe bigneſs ; if there were any ſuch, 


their limbs, boughs, and branches, muſt break and fall down 
by their great weight. Thus it is impoſſible there can be an oak 
a quarter of a mile high; ſuch a tree cannot grow or 
but its limbs will drop off by their weight, And hence like- 
wiſe, leſſer plants can better ſuſtain themſelves than large ones 
can do. 35 1 

Neither could a tree of an ordinary ſi ze be able to ſtand, if 
it was compoſed of the ſame tender matter that ſome plants con- 
ſiſt of; nor ſuch a plant if it was much bigger than common. 
And that plants, made of ſuch tender matter may better ſup- 
port themſelves, nature has made the trunks and branches of 
many of them hollow; by which means they are both lighter 
and ſtronger. | 

The propoſitions before laid down, concerning the ſtrength 
and ſtreſs of timber, Cc. are alſo of excellent uſe in ſeveral 
concerns of life, and particularly in architecture; and upon 
theſe principles a great many problems may be reſolved relating 
to the due proportion of ſtrength in ſeveral bodies, according 


to 


\ 


hence it is, that ſmall animals are more active, will run 
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of which I ſhall briefly enumerate. 


| If a piece of timber is to be holed with a mortiſe hole, the 
5 


be n when it is taken out of the middle, than 
if it be taken out of either ſide. And in a beam ſupported at 
both ends, it is ſtronger when the hole is taken out of the upper 
fide than the under one, provided a piece of wood is driven 
fuld Mo er, ar 
If & piece is to be ſpiced up̃on the end of a bean 
ported at both ends; it will be ſtronger when ſplicec 
under fide of a beatn, than on the upper fide. But if the be 
is ſupported only at one end, to bear a weight on the other; i 
is ſtronger when ſpliced on the upper fide. © 
/hen a fmall lever, Sc. is nailed to a body, to move it 


113 
to that particular poſitions and weights they ate to beat; ſome r 1 6 


* 


ot fufpend it by; the ſtrain is greater upon the nail neareſt the 


: . 


Hand, of point where the power is applied. 


IH a beam is fupported at both ends; and the two ends reach 


over the props, and be fixt down immoyable ; it will bear 
twice as much weight, as when the ends only lie looſe or free 
ri On 
k a flender cylinder is to be ſupported by two pieces: the 
diſtance of the pins ought to be 2s parts of the length of 
the cylinder, that is + its length; the pins 1 5 from its 
ends; and then the cylinder will endure the leaſt bending of 
AT Dy 118 wen” hee Ta 1 
By the foregoing principles it alſo follows, that a beam fixt 
at one end, and bearing a weight at the other; if it be cut in 
the form of a wedge and placgk with its parallel ſides parallel 
to the horizon; it will be equally ſtrong every where ; and no 


ſooner break in one place than another. ͤ 8 
If a beam has all its ſides cut into the form of a concaye pa- 
rabola, whoſe vertex is at the end, and abſciſſa perpendicular 
to the axis of the ſolid, and baſe a ſquare, à circle, or any re- 
gular polygon; ſuch a beam fixt horizontal, at one end, is 
equally ſtrong throughout for ſupporting its own weight. 


By the ſame principles; if a wall faces the wind, and if the 


ſection of it be a right-angled triangle; or the foreſide be per- 
pendicular to the horizon, and the backſide terminated by a 
ſloping plane interſecting the other plane in the top of the wall; 
ſuch a wall will be equally ſtrong in all its parts to reſiſt the 
wind ; if the parts of the wall cohere ſtrongly together. But 
if it be built of looſe materi: 


1 3 


backſide in form of a parabola. 
Q 


If 


it is better to be convex on the 


114 


$6. 


FI G. If a wall is to ſupport a bank of earth or any fluid body, it 
116. 6 


line or floping plane ought to be its figure. Such walls will 


. the thick end, in the air; it will be no ſooner pulled aſunder in 


117. 


ought to be built concave in form of a ſemi-cubical parabola, 
whoſe vertex. is at top of the wall; this is when the parts of the 
wall ſtick well together. But if the parts be looſe, then a right 


be equally ſtrong throughout. e e e De” 
All ſpires of churches in the form of cones or pyramids, are 
equally ſtrong in all parts to reſiſt the wind. But when the 
5 cole nar together ; parabolic conoids are equally ſtrong 
throughout. 77 5 5 | | 
| Livin if there be a pillar erected in form of the logarith- 
mic curve, the aſſymptote being the axis; it cannot be cruſhed 
to pieces in one part ſooner than in another, by its own weight. 


And if ſuch a pillar be turned upſide down, and ſuſpended at 


one part than another, by its own weight. And the caſe is the 
ſame, if the ſmall end be cut off, 48. inſtead of it, a cylinder 
be added, whoſe height is half the fubtangent. _ „ 

Laſtly, let AE be a beam in form of a triangular priſm, and 
if AD==+ AB, and AI—+ AC, and the part ADIF be cut away 
parallel to the baſe ; the remaining beam DICEF will bear a 
pea weight P, than the whole ABCEG, or the part will be 

ronger than the whole; which is a paradox in mechanics. 

And upon the ſame principles, an infinite number of queſ- 
tions of like kind may be reſolved ; which are curious enough, 
and of great uſe in the common affairs of life. 

All I ſhall here add, is the ſtrength of ſeveral ſorts of timber, 
and other bodies, as I have collected from experiments. 

In the firſt edition of this book, I had inſerted the ſtrength 
of ſome forts of wood, ſuch as I had made experiments upon; 
in all which, I gave the leaſt weight, which the worſt of them 
was juft able to bear: left any body computing the ſtrength of 
a beam, ſhould overcharge it with too much weight. And 
fince that time, I have made a great many more experiments, 
not only upon many different ſorts of wood, but ſeveral other 
bodies ; the reſult of which I ſhall here ſet down. A piece of 
good oak, an inch ſquare, and a yard long, ſupported at both 
ends, will bear in the middle, for a very little time, about 330 

unds averd. but will break with more than that weight. 
This is at a medium; for there are ſome pieces that will carry 
fomething more; and others, not ſo much. But ſuch a piece 
of wood ſhould not, in practice, be truſted for any length of 
time, with above a third or a fourth part of that weight. For 
ſince tnis is the extreme weignt which the beſt wood will y_ 

| that 
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chat of a worſe ſort muſt break with it. For I have found by r 1 6. 


experience, that there is a great deal of difference in ſtrength, 
in different pieces of the very ſame tree; ſome pieces I have 
found, would not bear half the weight that others would do. 
The wood of the boughs and branches, is far weaker than that 
of the body ; the wood of the great limbs, is ſtronger than that 
of the ſmall ones; and the wood in the heart of a ſound tree 


is ſtrongeſt of all. I have alſo found by experience, that a piece 


of timber, which has borne a great weight for a ſmall time, has 


broke with a far leſs weight, when left upon it, for a far longer 


time. Wood is likewiſe weaker when it is green, and ſtrongeſt 


when thoroughly dried, and ſhould be two or three years old 


at leaſt. If wood happens to be ſappy, it will be weaker upon 
that account, and will likewiſe decay ſooner. Knots in wood 
weaken it very much, and this often cauſes it to break where 
a knot is. Alſo when wood is croſs-grained, as it often hap- 


pens in ſawing; this will weaken it more or leſs, according as 


it runs more or leſs croſs the grain. And I have found by ex- 
perience, that tough wood, croſs the grain, ſuch as elm or aſh, 
is ſeven, fight, or ten times weaker, than ſtraight ; and wood 


that eaſily ſplits, ſuch as fir, is 16, 18, or 20 times weaker. ' 


And for common uſe, it is hardly poſſible to find wood but it 
muſt be ſubject to ſome of theſe things. Beſides, when timber 
lies long in a building, it is apt to decay or be worm- eaten, 
which muſt needs very much impair its ſtrength. From all 
which it appears, that a large allowance ought to be made for 
the ſtrength of wood, when applied to any ule, eſpecially where 
it is deſigned to continue for a long time. 

The proportion of the ſtrength of ſeveral ſorts of wood, and 
other bodies that I have tried, will appear in the following table. 


Box, yew, plumtree, oak — — 11 
m, — — — 82 
Walnut, thorn — — — 71 
Red fir, hollin, elder, plane — 
Crabtree, appletree — — 7 
Beech, cherrytree, hazle — — 6+ 
Alder, aſp, birch, white fir, — 6 
Willow or ſaugh — — c 
Iron — „ — 107 
Braſs — — — — 50 
Bone — — — 22 


Lead —_ = 5 3 £2 
Kine free ſtone 
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1 In this table I have put ſeyeral ſorts of pd inge 


| experience, as the 


STRENGTH. Try STRESS, Ge. 


h1 ound io b 8 
together, whic gun to be pretty near of the ſame 
1 1 6 found ſometimes one ſort to 2 f in ſtrength, and —— 


times another; there e being a great difference, even in the ſame 


ſort of wood: an [1 not 055 t hut other people that ſhall 


nake exper Ren ent and various as 
1 45 8 og | haps oe Fen from. mine, juſt ac- 
cording t to the goodne adneſs of the wood they uſe. But 


I have cc ontented my $1 1 res +4 I found from my own 
5 0 I many trials, without "ny 
regard. to what other pon done or may do. What 
ſhall further add, is 1 817 
0 . 1 of good clean fir, of an inch circumference, 
deny in 1 „ will bear at extremity, 400lb. and a ſpear of 
, 2 inches diameter, will bear about 7 ton; but no more. 

5 rod of good iron of an inch circumference will bear near 
3 ton weight. 

A good hempen rope of an inch circumference will bear 
1000l. at extremity. 

All this ſuppoſes theſe bodies to be ſound and good t 
out, but none of theſe ſhould be put to bear more than a third 
or a fourth part of that weight, eſpecially for any length a 
time, 

From what has heen faid ; if a ſpear of fir, or rope, or a 
. — of d * was to lift 2 | the extreme 
weight; t 

The fir would bear 8 dd hundred w 
The rope 22 dd hundred weight. e 


The iron 64 dd ton weight, 
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NOE 'LXXK. 


Motion or preſſure in a fluid is not propagated in right lines ; but 
equally all around, in all manner of directions. 


If a force act at a in direction ab, that motion can be directed r r C. 
no further than theſe particles-lie in a right line, as to c. But 118. 
the particle c will urge the particles d, F obliquely, by which 
that motion is conveyed to e, g. And thele particles e, g will 
urge the particles 2, p ander, s obliquely, which lie neareſt 
them. Therefore the preſſure, as ſoon as it is propagated to 
particles that lie out of right lines, begins to deflect towards 
one ſide and the other; *. that preſſure being farther continu- 
ed, will deflect into other oblique directions, and ſo on. There- 
fore the preſſure and motion is propagated obliquely ad infini- 
tum; and will therefore. be propagated in all directions. 


Cor. If any part of a preſſure propagated through a fluid, be 119. 
opt by an obſlacle ; the remaining part will defleft into the ſpaces 
bebind the obſtacle. Thus if a wave proceeds from C, and a'\part 
goes through the hole A; it expands itſelf, and forms a new wave 
beyond the bole, which moves forward in a ſemi-circle whoſe centre 


is the bele. 
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For any part of a fluid preſſing againſt the next, is equally 
re-acted on by the next, and that by the next to it, and ſo on; 
from whence follows a lateral preſſure (equal to the direct 
preiture) into the places behind the obſtacle. 
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HYDROSTATICS. 


PROP... I. 


A fluid can only be at reſt when its ſurface is placed in a horizontal 
| 2 ſituation. 


710. For let ABCD be a veſſel of water or any fluid: and let AB 


I 20» 


121. 


122. 


be parallel to the horizon. Suppoſe the ſurface of the liquor to 
be in the poſition FE. Then becauſe the parts of the fluid are 
eaſily moveable among themſelves ; therefore (by ax. 7.) the 
higher parts at E will, by their gravity, continually deſcend to 
the lower places at F. Alſo the greater preſſure under E and 
the leſſer under F, will cauſe the parts at E to deſcend, and 
thoſe at F to aſcend. And thus the higher parts of the fluid 
at E deſcending, and ſpreading themſelves over the lower parts 
at , which are at the ſame time aſcending, the ſurface of the 
fluid will at laſt be reduced to a horizontal poſition AB. But 
being ſettled in this poſition, ſince there is no part higher than 
another ; there is no tendency in any one part to deſcend, more 
than in another; and therefore the fluid will reſt in an horizon- 
tal poſition. 


Cor. 1. If the fluid does not gravitate in parallel lines, but to- 
wards a fixed point or center C; then the fluid can only be at reſt 
when ils ſurface takes the form of a ſpherical ſurface AB, whoſe 
center is C. 

For if any parts of the ſurface of the fluid A or B, were fur- 
ther from C than the reſt, they would continually low down 
to the places nearer C, towards which their weights are directed: 
till at laſt they would be all equi-diſtant from it. 


Cor. 2. Any fluid bei ng diſturbed, will of itſelf return to the ſame 
level, or horizontal pgſition. i 


Cor. 3. Hence alſo if a different fluid AB EF reſt upon the fluid 
ABCD, both the ſurface FE, and the ſurface AB that divides them, 
will lie in a level or borizontal ſituation, when at reſt. 

For if any part of the ſurface AB be higher than the reſt, it 
will deſcend to the ſame level; and ſince FE is alfo level, and 
therefore the heights AF, BE in every place equal; the preſ- 
ſure of it on all the parts of the horizontal ſurface AB, will be 
equal. And therefore it cannot deſcend in one place more than 
another, but will continue level. 


2 
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Cor. 4. Hence water communicating with two places, or any way F 1 G. 
conveyed from one place 10 another ; will riſe to the ſame level in 122. 


both places. Except Jo far as it is hindered by the friction of the 
channel it moves through, or perhaps ſome very ſmall degree of tena- 
city or coheſion. | th iy 4 


PROP. IXXXII. 


In any fluid remaining at reſt ; every part of it, at the ſame depth, 
is in an equal ſtate of compreſſion. 


For let the plane EF be parallel to the ſurface AB. Then 123. 
ſince the height of the fluid at all the points of EF, is equal; 
therefore the weights ſtanding upon any equal parts of EF are 
equal: and therefore the preſſure in all the points of EF is equal 
alſo. | 


Cor. 1. A fluid being at reſt, the preſſure at any depth is as the 
depth. 

For this preſſure depends on the weight of the ſuperincum- 
bent fluid, and therefore is as its height. 


Cor. 2. In any given place, a fluid preſſes equally in all directions. 

For, (by Prop. LXXX.) as the preſſure in any place acts 
in all directions, it muſt be the ſame in all directions. For if 
it were leſs in one direction than another, the fluid would move 
that way, till the preſſure becomes equal, and then the fluid 
would be at reſt, and be equally compreſſed in all directions. 


Cor. 3. The preſſure is equal in every part of a plane drawn 
parallel to the horizon. | 


Cor. 4. When a fluid is at reſt, each drop ar particle of it is 
equally preſſed on all ſides, by the weight of the fluid above it. 


PROF 
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: 52 te PROP: EXXXHL. 
If a fluid be at reſt in ary veſſel; whijſe baſe is parallel to the bori. 
 2on ; the preſſure of the fluid upon the baſe is as the baſe and 


perpendicular altitude of the fluid ; whatever be the figure of the 
containing veſſel. . 


Cazz I. 
16. Let ABCD be a cylinder or priſm, then (by Cor. 1. Prop. 
123. LXXXII.) the preſſure upon a given part of the bafe, (as 2 
ſquare inch, ) is as the depth. And the preſſure upon the whole 
baſe is as the number of parts, or inches, contained in it; and 
therefore is as the baſe and altitude of the fluid. 


— rts's n Set en e oi tn ty” n 


CASH II. 


124. Let the heights and baſes of the veſſels ABC, DEF be equal 
to thoſe of the cylinder ABCD ; then ſince any part of the baſes 
AB or DE is equally preſt, as an equal part of the baſe CD; 
therefore the whole preſſure upon the baſes AB or DE is equal 
to the whole preſſure upon the baſe CD. And therefore is as 
the baſe and perpendicular height. 

Cor. 1. If twoveſſels ABC, DEF of equal baſe and height, though 
never ſo different in their capacities, be filled with any the ſame 
fluid, their baſes will ſuſtain an equal quantity of preſſure ; the ſame 
as a cylinder of the ſame baſe and height. | 
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Cor. 2. The quantity of preſſure at any given depth, vol a given 

Surface, is always the ſame, whether the ſurface preſſed be parallel 

to the horizon, or perpendicular, or oblique ; or whetber the fluid 

continued upwards from the compreſſed ſurface, riſes perpendicularly 

; in a redlilinear direction, or creeps obliquely through crooked cavities 

i and canals, and whether theſe paſſages are regular or irregular, wide 
« or narrow. And hence 


125. Cor. 3. 1f ABDCF be any veſſel containing a fluid, and BL, ED, 
| HFOK, and GC be perpendicular to the horizon, and GHAB the 
ſurface of the liquor, and FL, COD parallel to AB, then the 
preſſure at Land F is at BLor HF; at D, O and C, as ED, at 
Aa HR; and therefore the preſſure at Land F is the ſame ; and 

4 the preſſures at D, O, C are equal. _ 
7 . 


Set. IX. HYDROSTATICS. 


Cor. 5. If two veſſe]s, AB, CD communicate with one another by 
tbe tube BC, and if any liquor be poured into one AB, it will riſe 
o the ſame beight in the other CD, and will ſtand at equal beights 
in both; that is, AD will be a borizoutal line. | 

Far if the fluid ſtand at unequal heights, the preſſure in the 
higher will be greater than in the lower, and Cauſe it to move 
towards the lower. 8 | 


Cor. 6. If two different fluids ſuſtain one another at reſt, in two 
veſſels AB, CD, that communicate, their beight above their place 
of meeting will be reciprocally as their den/ities ur ſpecific zeec, 

Let the fluids join at C, and take the perpendicular height of 
C, equal to that of 4B; then if the denſities of the fluids 
were equal, they would ſuſtain one another at the equal heights 
AB, Ce; therefore that the preſſure of the other fluid may be 
the ſame at C, its height muſt be ſo much greater as the den- 
ſity = leſs; that is, C 3 Ce or AB; : denſity of AB: denſity 
of CD. 1 5 


SCHOL. 


The truth of the foregoing propoſitions may be eaſily proved 
experimentally. Take ſeveral tubes open at both ends, ſome 


ſtraight, ſome crooked, with their low ends turned in all direc- 


tions, and of ſeveral ſi zes, regular and irregular ; put theſe 
into a veſlel of water to any depth, and the water will riſe 
to the height of the external ſurface of the water in them all. 
But this is to be underſtood of ſuch tubes as are ſufficiently 
wide ; for, in capillary tubes immerſed in a veſſel of water, it 
riſes ſomething above the level, and that to heights reciprocally 
as the diameters. Likewiſe, if water can riſe and be ſuſpended 
at the height B in the capillary tube AB, it will be ſuſpended 
at.the ſame height B, whilſt the part of the tube at B remains 
the ſame, whatever be the figure or wideneſs of the under part 
CD; and the aſcent and ſuſpenſion of water is the very fame 
in vacuo. The ſame holds for any other fluids ; but different 
fluids rife to different heights ; but quickſilver, inſtead of aſ- 
cending in a tube, ſinks in it, and has its ſurface depreſſed be- 
low the common ſurface, to depths which are reciprocally 0 
5 ; the 


121 


Cor. 4. The preſſure is every where direfied perpendicularly x 16. 
again the inner ſurface of the veſſel ; therefore at K it is directed 125. 
downward, at L. ſideways, and at F upwards. By Prop. IX. 


126. 


I27. 
128. 


129. 
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qHYDROSTATICS. 


11 6, the diameters of the tubes; but the forces by which. fluids are 


129. 


130. 


ſuſpended in capillary tubes come under no hydroſtatic laws. | 


PRO P. LXXXIV. 


If a homogeneous body be immerſed in a fluid of the ſame denſity with 


itſelf, it will remain at reſt in any place, and in any pofilion ; 
but a body of greater denſity than the fluid will ſink to the bot- 
tom, and a body of leſs denfity will rife to the top. in 


| Cas I. | 

Let the body EGF be immerſed in the fluid 4D; then 
fince the body is of the ſame denfity as the fluid, therefore the 
body will preſs the fluid under it juſt as much as the ſame quan- 
tity of the fluid put in its place; and therefore the preſſure 
of the body, together with that of the fluid above it, prefles 
the fluid below as much as a column of the fluid of the fame 


depth ; therefore the preſſure of the body at F againſt the 


fluid, is equal to the preſſure of the fluid at F againſt the body; 
and therefore theſe two preſſures will remain in equilibrio, and 
the body will be at reſt. 


Can FL | 45 


If the body is more denſe, the preſſure againſt the fluid un- 
derneath is greater than that of an equal quantity of the fluid; 
therefore the weight of the body will overcome the preſſure 
of the fluid under it, and it will ſink ; but if the body be 
lighter, the. preſſure of the fluid will overcome the weight of 
the body, and it will riſe to the top. 1 9 


Cor. 1. F ſeveral fluids. of different denſities, be mixed together 
in the ſame veſſel, the heavieſt will get lo the loweſt place, and the - 
lighteſt to the lop, and thoſe of a mean denſity to the middle; and 
in any bodies whatever the beavieſt will be tbe loweſt. | 

Cor. 2. Hence bedies placed in fiuids bave a twofold gravity, the 
one {rue and abſolute, ube other apparent or relative. Abfulute gra- 
vity is the force with which bodies tend downward: by this all farts 
of fiurd bodies g ravilale in their proper places, and their weig "an 

: 35 [aken 
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taken together compoſe the weight of the whole ; for the whole is x1 G. 

heavy, as may be experienced in veſſels full of liquor.  . 130. 
Relative gravity is the exceſs of the gravity of the body above 

that of the fluid. By this kind of gravity fluids do not gravitate 

in their proper places; that is, they do not preponderate ; but, 

hindering one another's deſcent, remain in their proper places as if 

they were not beavy. | 


Cor. 3. Hence an irregular body, or one that is heterogeneous, 
deſcending into a fluid, or if it move in any direction, and a line be 
drawn connefing the centre of gravity and centre of magnitude of 
the body, the body will fo diſpoſe itſelf as to move in that line, 
and that the centre of gravity will go foremoſl, and the centre of 

nitude behind. : 

For there being more matter and leſs ſurface near the centre 
of gravity, that part will be leſs refiſted than near the centre 
of magnitude ; therefore the centre of magnitude will be more 
retarded than the centre of gravity, and will be left behind. 


Cor. 4. Hence no body can be at reſt within a fluid, unleſs it be 
of the ſame ſpecific gravily as the fluid. 


Se H UL, 


What is here ſaid of bodies of greater denſity ſinking in a 
fluid, muſt be underſtood of ſuch as are ſolid; for if a body 
be hollow it may ſwim in a fluid of leſs denſity; but if the 
hollows or cavities be filled with the fluid, it will then ſink. 
Likewiſe, bodies of greater ſpecific gravity, being reduced to 
extremely ſmall particles, may then be ſuſpended in the fluid. 


But the forces by which this is done belong not to any laws of 
hydroſtatics. | 


PROP. LXXXV. 


Bodies immerſed in a fluid and ſuſpended in it » loſe the weight of an 
equal bulk of the fluid. 


For (by the laſt Prop.) if the body EF be of the ſame den- 
fity as the fluid, it loſes all its weight, and neither endeavours 
to aſcend or deſcend; therefore if it be lighter or heavier, it 

R 2 only 


oh HYDROSTATICS, 


11 6, only endeavours to aſcend or deſcend with the difference of the 
130. weights of the body and the fluid; and has therefore loſt the 
weight of as much of the fluid. 4 | 


Cor. 1. The fuid acquires the weight which the body loſes, 
For the ſum of the weights of the ſolid and fluid is the ſame, 
both before and after immerſion, | 


Cor. 2. All bodies of equal magnitude immerſed in a fluid, loſe 
equal weights ; and unequal bodies loſe weights proportional to their 
Bulk. | 


+ Cor. 3. The weights Ii by immerging one and the ſame body in 
different fluids, are as the denſities of the flujds, or as their ſpecific 


Cor. 4. Hence alſo, if two bodies of unequal Bulls, be in equili- 
brio in one fluid, they will loſe thetr equilibrium in another fluid, of 
different denſity. | 


SCROLL 


Since a body immerſed in a fluid loſes ſo much weight as 
that of an equal quantity of the fluid, therefore it tends down- 
wards, only with the difference of theſe weights; and this is 
the relative gravity of the body in the fluid. But if the body 
is ſpecifically lighter than the fluid, it ſeems to loſe more weight 
than it has; and hence the body will tend upwards with the 
difference of theſe weights. And this is the relative levity of 
the body in the fluid; ſuch as we ſee in feathers or ſmoke in 


the air, or cork in water, 


PROP. IXXXVI. 


The weight of a ſolid body floating upon a fluid, is equal to the 
wwerght of a quanlily of the fluid, as big as the immerſed part of 
the ſolid, cut off by the plane of the ſurface of the fluid. 


For if the body be at reſt, the preſſure of the body upon the 
fluid underneath is juſt the ſame as the preſſure of the fluid in 
the 
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the room of the immerſed part; and therefore the weight of x 1 6. 
one is equal to the weight of the other, 


Cor. 1. If the bady be homogeneous, the weight or magnitude of 
the whole floating body is to the weight or magnitude of tbe part 
immerſed : : as the denſity'or ſpecific gravity of the fluid, is to. the 
denſity or ſpecific gravity of the bady. + AP 

For the denſity of the fluid: denſity of the body : : weight 
(of the fluid equal to the immerſed part, or the weight) of the 
whole body: weight of the immerfed part. | 


Cor. 2. If one and the ſame body float or ſwim upon different li- 
quids, the immerſed part in each liquid will be reciprocally as their 
denſities ; and therefore a body will /ink deeper in a lighter fluid-than 
in a beavier. . 
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PROP. LXXXVII. 


Tf a floating body AFBE, or ſyſtem of bodies, be at reſt in a fluid, 131. 
and D be the cenire of gravity of the whole body, and C the centre 
of gravily of the fluid AFB equal tothe immerſed par! of the body, 
then I ſay the line CD will be perpendicular to the horizon. 


For as C is the centre of gravity of the fluid AFB, it is the 
centre of all the forces or weights of the parts of the water in 
AERB, tending downwards; but becauſe the body is at reſt, the 
fame point C is alſo the centre of all the preſſures of the fluid 
underneath tending upwards, by which the weight of the fluid 
AFB or of the body AFBE (equal to it by Prop. laſt) is ſuſ- 
tained ; therefore the ſum of all the forces tending upwards to 
C, is equal and contrary to the ſum of all the forces tending 
downwards from D (by Ax. 11.) becauſe that preſſure ſuſtains 
the body; but the weight of the body tending from D is per- 
pendicular to the horizon; therefore CD is perpendicular to 
the horizon. | 


Cor. If the whole body be as beavy, or heavier than water, and 


be immexſed in it, the centre of gravity will be the lowe/l, and de- 
ſcend the foremoſt. ; 


PROP. 
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o LXXXVIN.. 3 
If a fluid, conſidered without weight, be encloſed in a veſſel, and a 


Arongly compreſſed on all fides, every part within it will be man 
the ſame compreſſed ſlate. . N T 1 


For if any particle was leſs preſſed than another, the 11 
preſſure would move the fluid towards the leſs compreſſed part 
till their compreſſion became every where equal; and then the 
equal preſſures would balance one another, and remain at reſt. 

132. Or. 1. Hence any ſoft body, as GHI, whoſe parts cannot be c.. 
denſed, being immerſed in a fluid encloſed in a veſſel, and ſtrongly 
compreſſed on every fide, the body will retain its figure, and ſuffer 
no change from the compreſſion of the ambient fluid; and all i 
parts will remain at reſt among themſelves, and in the ſame com" 
preſſed ſtate as the fluid. *Y 
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Cor. 2. The motion of any included body, as E, or of any numbet 

of bodies, will not be at all changed by the compreſſion of the fluid 
but Twill remain the ſame as before. 1 
For the compreſſion acting every way alike, can make no 
alteration in the motion of bodies. | = 
1 


Cor. 3. In an inflexible veſſel, a fluid will not ſuſtain a ftrongen 
Preſſure on one ſide than another, but will give way to any exceſs aſl 
Preſſure in a moment of time, and be reduced to an equality of prej=_ 


fare. 


by 


130. If air er any elaſtic fluid of ſmall denſity, be but up in a cloſe veſſel 
every part of it will be in the ſame compreſſed flate. = 


PROP. LXXXIX. = 


For let ABCD be a veſſel full of encloſed air, then the air at 
equal altitudes within the veſſel will be in the ſame ſtate of com- 
preſſion ; and the compreſſion in the bottom of the veſſel can 
only exceed that at the top, by the weight of a column of air of 
the height of the veſſel AC (by Cor. I. Prop. LXXXII.) ; but 

the 


— >> <A; >=, on 
— —— 


— 
(>) 


* 


- 
og — 
r 
= 


* — 
1 


Sed. X. HYDROSTATICS. 127 


the weight of ſuch a column of air is inſenſible in reſpect of the r 1 0. 
external preſſure, or the preſſure of the height of the atmoſphere; 
and therefore the compreſſion in every part of the veſſel may be 
looked upon to be the ſame. TOON 
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near the earth's ſurface, is very nearly theſame. _ 
For the difference is only the weight of a column of air, 
whoſe height is the difference of the heights of the two places, 
which is very inconſiderable. *, 


Cor. 1. In like manner the compreſſion of the air in any two places 


Cor. 2. If air be compreſſed in any veſſel by the preſſure of the ex- 
ternal air, its elaſtic force is equal to the force and preſſure of ibe 
exlernal air. | . 


Cor. 3. The air does the ſame thing by its ſpring as a non-elaſtic 

fuid does by its weight or Preface. | 
For the ſpring or elaſticity. of the air, is the force it exerts 

againſt the force of compreſſion, and therefore muſt be equal 


SCHOL. 


That the air is a heavy, elaſtic, compreſſible body, is con- 
firmed by many experiments made for that purpoſe. Its pro- 
perties are theſe, | 

1. The air has ſome, though a very ſmall degree of weight, 
which is ſo ſmall that it hardly becomes ſenſible, but in the 


weight of the whole atmoſphere, . or body of air encloſing the 
cartn. | 


- 


2. The air is an claſtic fluid, and capable of being condenſed 
and rarefied ; and when it is condenſed or forced into a leſs 
ſpace, its ſpring, or the force it exerts to unbe nditſelf, is pro- 
portional to the force that compreſſes it; and the ſpace any 
given quantity takes up is reciprocally as the compreffing force; 
or its elaſticity is as its denſity. 

3- All the air near the earth is in a compreſſed ſtate, by the 
weight of the atmoſphere or body of the air above, which com- 
preſſes it; and from hence the denſity of the air grows conti- 
nually leſs, the higher it is above the ſurface of the earth. The 
weight of the atmoſphere at the ſurface of the earth, is at a me- 
dium about 144 lb. averd. upon every ſquare inch ; but at dif- 
ferent times it differs, by reaſon of winds, hot or cold weather, 
Sc. But the height of the atmoſphere is uncertain, by reaſon it 

grows. 


20 HYDROSTATICS. 
continually more rare towards the top, till it vaniſhes, 


11 8. g 


eight of the armoſphere is equal to * 
11 1 1 high. 

4. The ſpring or elaſticity of the air ik increaſed by heat, and 
decreaſed by cold; ſo that if any quantity of air, be encloſed in 
a veſſel, it will have a greater ſpring or preſſure when ER, 
and will loſe part of its ſpring by cold. 


PROP. XC, | 
To find the Jpecific gravity of bodies. 


, | | Cas . 


1. it be a ſolid body heavier than 3 dei it ay; firſt a 
in air, and then in water, or ſome fluid whoſe ſpecific 'gravite: Wa 
you know, and let 

The abſolute weight of the body = 4, 

The weight in water, &c. = B, 
The ſpecific gravity of water, c. C, 
The ſpecific gravity of the bady — D, 


| Then will D = , the ſpecific gravity of the body. 
Cn. 


For a ſolid body lighter than water. Take any piece of metal, 
and tye it to a piece of the light body, ſo that the compound 
may fink in water: and putting A, C, D, as in Cafe I. and 

E = weight of the metal in water. 
5 108 7 of the compound in water. 


Then D = 7 T 4 , be. ſpeciſic r of the light At 


Casrt Hl. 


For a fluid. Take a ſolid body of known ſpecific gravity, 
which will fink in the fluid ; and putting the ſame letters as in 


Caſe I. ben will C D, the /pecific gravity of the 928 


Or 
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25 bh as en ank tn un as SEO OY 
Az abſolute toright of the log, 3 = 
BD its weight in water, | gh a 14 
. e b 
CG c gravity of water, 

Z Deep greviy's A. the * e 5 1 

1 220 2 | 02:0 5 ah 


But for mercury, or bor Nd dust, or ſmall fraghahs 
of bodies, you muſt ufe a glaſs or metal bucket, obſerving to 
balance its weight both in air and water; and for bodies That 
will diſſolve in water, weigh them in oil of turpentine inſtead 
of water; when the body is weighed in the fluid, it muſt be 
ſuſpended by a horſe hair, or a fine ſilk. thread. Note, if the 
body and fluid be near the fame ſpecific gravity, your work will 


Then Z=2 


be more exact. 


To demonſtrate the rules, i it is evident (by Prop. LXXXV.) 
that a body weighed in water, loſes the weight of as much water, 
therefore in Caſe I. the weight of an os quantity of water is 
A— B, but (by Def. 11.) the ſpecific gravities are as the 
weights of equal quantities of matter, therefore A — : A: : 
C: 


And i in Caſe IT. F E weight of the light body i in water, 
(which is negative when E is greater than F) and the weight of 


an equal quantity of water is A—F—E or A+E—F, therefore 
(as in Caſe I.) it is AEF: A:: C: D; and the rule is 
equally true, whether D be 9 25 or heavier than water. 


In Caſe III. fince D = An C, therefore C =D; or in 


the other rule, A—B — WE of as much water, par A—G 
== weight of as much of the fluid, and the ſpecific gravities 


being as the weights of equal quantities of the matter, therefore 
A—B: A-: : C: . 


Cor. 1. Hence if a piece of metal, or any ſort of matter is offered, 
lo know what ſort it is of, find its ſpecific gravity by the rule above, 
which ſeek in the following table, and the neareſt 10 it gives the 
name of the bedy, or what kind it is of. 


8 


Cor. 


F.I G, 


weighs 76lb. troy, or 6241b. av 
grains to an inch. 
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+ Cor. 2. And to find the ſolid content of a ſmall body beavier than 
water, weigh it in air and water, and the difference of the weights 
reduced to grains, being divided by 256, the quotient is the cubic 
inches it contains. 5 | robs | P e NS” 4E 
For a cubic inch of water weighs 2 56 grains, or a cubic foot 
oirdupoiſe, which is but 254 


Cor. 3. Hence alſo the ſolidity of a body being known, the weight 
may be found, and the tontrary : 'Thus, put n = 0.5275 ounces 
troy, or o. 5787 ounces avoirdupois, and D — ſpecific gravity of 
the body, by the following table, then as 1:nD:: ſolid content 


| tn inches : weight in ounces, and one being given, finds the other. 


For the weight of a cubic i 


nch of water is. 5275 oz. troy, or 
5787 0Z. avoirdupoiſe, | ,. NS 


A TABLE of the ſpecific gravities of bodies. 


SOLIDS. 
Fine Gold — — — 8 19.640 
Lead — — — — 11. 
Fine Silver — — 1 joe 
Standard Silver — — — 10. 5 36 
Copper 1 _ Koga 9.000 
Copper Halfpence — — . 8.915 
Fine Braſs — — — 8.350 
Caſt Braſs — — _ 8.100 
Steel — — — — 7.8 50 
Iron — — — — 7.6 44 
Pewter — — — 7.471 
Tin — — — — 7. 320 
Caſt Iron = — — — 7.000 
. Ore — — — 6.200 
opper Ore _ — — 16 
Lapis Calaminaris — — — 3 
Load-ſtone 5 — TE 4-930 
Crude Antimony — — — 4-000 
Diamond — — — — 3.517 
White Lead — — — — 3. 1 60 
Iſland Cryſtal — — — 2.720 
; Marble 


Sec. IX. HT DROSTATTCSs, Xe. _ 
Marble — — — — 270 
Pebble Stone — — — — 240 
_— — — 2 
A nr — — — — 2. 605 
n > > W PAY = 2 
Glaſs — — 3 — 3880 
; X Stone * — — 3 2.5 10 
Common Stone „ 10” eg — 4.850 
Glauber Salt — 8 1 : 5 0 
Cryſtal . FCC 21 
Brick — — ww .= mak 
Nitre — — ERS _ 1.900 
Vitriol — — = 9 1.880 
Alabaſter PROP 8 3 BY. 1.874 
Horn — — — — 1.840 
1 —— 8 — 1.820 
Brimſtone — 3 15 oo 1.0 
Chalk — . EY 2 1.793 
** Whos 1 855 _ — 7,187 
Alum — Kg s bo — 
ON 1 OY __ * 1.712 
1 ag gs . — 1.660 
4. — Calculus | 5 — _ 
wy 2 he de — 1.520 | 
Gum Arabic — 1 8 2 * 5 
Sa — = Re I 3 
Lignum Vitæ . 28 2 1 
— 885 — | 390 
2 5 _ 8 55 — 1.238 
4 3 722 882 — 1.210 
aur 7 22 on Ma OY 1.177 
Pitch RED 2 3 „ 1. 150 
23 RE 1 25 mg — 1 =P 
—__ 8 87 _ — 1.063 
Anke _ LE = = 
Brazil Wood = 3 BE: 1031 
ox oa _ — 1.050 
Common WATER 5 KA 
9 9 „ — "6 
Butter 5155 jy 2 2 


Spirit of Turpentine 
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A (dry)... — 
ue e (am) 8 5 


Ney fallen Snow Ke: 
i ; | | Fs. 
nickſilver — 
1 of Vitriol — 
91 of Tartar — 
Honey ons Rn 
Spirit of Nitre — 
Aqua Fortis — 
Treacle | — —— 
Aqua Regia — 
= ws of Urine _ 
Human Blood — 
Sack wo 5 
Urine . 
Milk 
Sea Water 
Serum of human Blood 


Ale — DES 


Vinegar wh} 

the — | 

TER * SY 
Diftilled Waters — 4 — 
Red Wine wy We 
Linfeed Oil N 
Oil Oli Ive — — 


t of Wine — 
i of Turpentine — — 
Common Air — — 
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by reaſon of their different govdnels, : fineneſs, compattnels, 
texture, dryneſs, being more or leſs free from mixture, Se. 


all bodies a little, from whence there will ariſe a ſeniſible dif- 
ference in different parcels of the ſame ſort of matter, in almoſt 
all bodies, whether folid or fluid. Particularly in wood} there 
is great difference, for green wood is far heavier than dry wood, 
and ſome green wood will ſink in water, as elm. | 

POM 0 391—"O3i 36 by 


Ta * "I 


r 
ov 1% fa} 907 8 ide 1 el 
The centre of preſſure of 'any plane ſuſtaining a fluid preſing aguinſ 
it, is'the ſame as ibe centre of percuſſion; ſuppaſing the axis of 
motion to be at the intenſeion of this plane with the ſurface of 
the fluid. | 1 W NEST AT ILY 


juſt ſuſtain it, ſo as the body preſſed on will incline to neither 
tide | | 


Loet AF be the ſurface of the water, O the centre of preſſure, 
draw AO, and parallel to AF draw chd; then the preſſure 
againſt any ſmall part cd, is as cd and the depth of the fluid, 
that is as cd x Ab; and the force to turn the plane about ©, 
is #4 x Ab x 0, or cd xy Ab % AO — id x A; and the 
ſum of thein all muſt be equal to o. Therefore 40 = 


—_—_ 2 7 . and therefore (by Prop. LVII.) O is the 


ſame as the centre of percuſſion. 


Cor. . The centre of preſſure, upon a plane parallel to the hori- 
Zon, or upon any plane where the prefſure is uniform, is the ſame 
as the centre of gravity of that plane. 

For the preſſure acts upon every part in the ſame manner as 
gravity does, 


Cor. 2. The quantity of preſſure upon any plane ſurface is equal 
io ibat of tbe ſame plane, placed parallel to the horizon, 3 ve 
Os 3 pt 


In chis table you have the mean ſpeciſic gravitirs ; for there 5 
is ſome difference in different pieces of the ſame fort of body; 


133 


And ſometimes by a greater degree of heat or cold, which aſſect 


The centre of preſſure is that point againſt which a force be- r r O. 
ing applied equal and contrary to the whole preſſure, it will 133. 


134 
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» e. eg ae its centre if: grivity is; and the ſame is tru of ay 


nuinber of furfaces taken together, (no 1 
- For the whole preſſure is as the ſum of all the A4 X ad, and 
upon the whole figure placed at the centre of gravity, it is 


AC diſtande of the centre of gravity from 4, but (by 
Cor. 3. Prop. XLIV.) theſe products ate equal; and the 
ſame may be proved for ſeveral ſurfaces, or the — 1. n 
ſolid, taking the centre of ha of all n ORE 


oon, * "8&1 19! H | : 
„21 C3 4 11 1197 DO« 
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To find the centre of equilibrium of a body, or a ſyſtem of bodies, im- 
W ma Rais. 
2 8 


The centre of equilibrium i is oh ſame with reſpect to bodies 
immerſed in a fluid, as the centre of gravity is to bodies in free 


ſpace; it is a certain point, upon which if the body or * 


be ſuſpended, they will reſt in any poſition. 
Let 4, B, C, be three bodies, or the quantities of mattet in 
them, P, J. r. their relative gravities in the fluid, x — abſolute 


gravity, then pA, B, C, are the weights of A, B, C, in the 
fluid; let G be the centre of equilibrium, then, by the ſame 


reaſoning as in Prop. XLVII. the ſum of the forces of A, B, C, 
is pA Aa- x BAC Cc = gp the ſum 
of the forces or weights when fituated in G, whence G = 


nth ns —— the diſtance of the centre of editlibriam 


from ST, in the fluid ; And if any body, as A, is lighter than 


the fluid, then its relative gravity p will be negative ; and if 
any body i is ſituated on the other ſide of the plane, its diſtance 
from it muſt be taken negative. 


Cor. If the body or bodies be bomogeneous, the centre of * 
brium is the ſame as the centre of gravity. : 


SCHOL. 


The relative gravity is found thus: take the ſpecific gravity 

* 8 fluid from that of the body, and divide the remainder 

y the ſpecific gravity of the 0 and theſe ſpecific gravi- 
hex by Prop Xe. | PT 
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velocity generated by them all, is 
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If a Hen of bodies oſcillate" in'a fluid, without refifance, to find 
be length of an yſocronal pendulum vibrating in vacuo. 


'$ v0 


Becauſe particles of different ſpecific gravities, placed in any ri G. 
given point, will require different times of vibrating in the fluid, g. 
therefore we muſt find the point where a particle of infinite den= . 
ſity being placed will vibrate in the ſame time as the ſyſtem; 


and this will be the centre of oſcillation : for this particle will 


loſe nothing of its weight in the fluid, its relative gravity being 
the ſame as the abſolute ; whence the vibrations of this parti- 
cle will be performed in the ſame time as in vacuo. 

Let A, B, C be three bodies, 'or their quantities of matter ; 


P, 9, r their relative gravities in the fluid; x = abſolute gravity ; 


then pA, 4B, rC are the weights of the bodies in the fluid. 
Let G be the centre of equilibrium, and O the centre of oſcil- 
tation ſought. Put s = Ax SA + BY SB* + Cx SC*. Then 
(by the fame reafoning, and conſtruction, as in Prop, LVIII.) 
the angular velocities which the bodies A, B, C generate in the 


— 8 B Sd | 
ſyſtem are, 5 - — — — and the whole angular 
N jþA+ Sn XqgB+Sd x C 


Likewiſe the angular velocity which the particle P, ſituated in 


. . Sr X P Sr - . 
O, generates 1n the ſyſtem, 18 PN D Or 55 · But their vibra- 


muſt be equal. That is _ — 5 — — == 
Sę 1 | 5 

SG x SO” Whence $0 = 88 * —Se ND + Sn x qB + Sd x. 1G 

But (by Prop. XCII.) — Se XxpA+SnxqB+SdxrC=8Sgx 

ee therefore $0 = EE W, the 

length of an iſocronal pendulum, out of the fluid. 


Cor. 
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Core 1. Hence if the 4 bodies are lenken. "i 
Fey $0 = Ax SA +BY PHT, 
neee FG 


Cor. 2. The ſyſtem males an ee ſmall edt in the 


"fluid, in the ſame time that a ſimple pendulum, whoſe length is 


| 4% $4* +B x —.— SC 


males a vibration in vacuo. 


For che — fyſtem being very fmall, the refiſtance 
1s inconſiderable. 


"Or. xz Hence if $4 by Io length of a ſimple Pendulum (4 "4 Vi 


: brating in « fluid, Hens the length! a eee, e 


in vacuo. 


For in a fingle body 50 = 5774 . 


Cr. 4 - if p be ene or the dts \ſpevifically lab 
than the fluid, the pendulum will turn upſide down, and vibrate up- 
wards in 2 and ibe length 72 iecronal Ps our of 


the fuid, will be — , as before, 


SCHOL. 


The centre of percuſſion i is the ſame in a fluid as out of it; 
for there is nothing concerned in that but the quantities of 


matter and velocities ; both of which are the ſame in the fluid 


as out of the fluid. 


The relative . P, 4, r are found by the Schol. of 180 
laſt Prop. 


PROP. XCv. 


If, a fluid runs through any tube, pipe, or canal, and always fills it, 


its velocity in any place will ve reciprocally as the area of the ſec- 
tion in that place. 


„ Let 
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Let AB, CD be two ſections at A and C, and let the quan- 1 d. 
tity of the fluid AB DC, in a very N ſmall time, be tran int 0 134. 


the part abdc of the pipe, draw Pp, Q ＋ ndicular to AB, 
CD, or parallel to the motion of the fluid, then Pp, Cg being 
indefinitely ſmall, will be the velocities of the fluid at P ar 

O, or the ſpaces deſcribed in that ſmall part of time, then, 
becauſe the pipe is always full, the quantity ABD — abac ; 
take from both, the part ab DC, which is common, and there 
remains ABba— CDac, that is the ſection AP Pp = ſection 


CD- 5 


Cr. 1. The quantity of motion of the fluid in the pipe AD, at 
any ſection CD, is equal io the motton of a. cylinder of that fluid, 
whoſe baſe is CD, and length the ſame with the pipe from the be- 
ginning to that ſection, and velocity that of the fluid at CD ; or 
the quantity of motion at CD, is as the length of. the pipe to that 
ſection CD. © 5 G 

For ſince the velocity in A is as An the motion of AB 
1s 7 that is, as Pp, and the motion of the whole is as the 
ſum of all the Pp, or the length of the pipe, without any regard 
to the diameter AB, the cylinder whoſe baſe is CO D, and 
height PQ is = PQ x CVD, and its motion with velocity at C, 


is = — — PQ the length of the pipe, as before. 


Gor. 2. F water is driven through the pipe PR by ſome given 
Force acting at P, and the length of the pipe PR be given, the 
quantity of water diſcharged at R, in'a ſecond, or ſome given lime, 
will be as the ſection at R. | . * 

For if the force is given, the motion generated in a given 
time will be given, and this motion, being as the quantity 
of water X velocity at R, therefore the quantity forced through 
R, will be reciprocally as the velocity, or directly as the ſection 
at &, by this Prop. | | 


Cor. 3. Tbe velocity and quantity of motion, is the ſame very near 
in crooked tubes as in ftraight ones, and in pipes divided into ſeveral 
2 taking the ſection of all the branches as the ſection of 
One [ Co | | 


1 PPR 


1 10. 
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X rk. 
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In any pipe bet ſeftion is ABCD, the frefs or force to Jphi 

part of the pipe at B is equal to balf the preſſure of the fe 
pon the 'plane BD, drawn perpendicular to the curve in B, ani 

of the ſame length as that part of the pipe. 1 2 


Let Es be any ſmall part of the ſurface, draw EO perp. to 
the curve Ee; draw EN, en perp. to BO, and er perp..to EN; 
and let OE repteſent the preſſure of a particle of the fluid; 
then EO x Ez = preſſure upon Ee. The force OE may be di- 


vided into the two ON, NE, of which ON tends only to ſplit 


The tube at A, but that in direction M is the force to ſeparate 
the parts at B; therefore EN X Ee is the ſtreſs at B; but the 
triangles Eer, EON are ſimilar, and Ee x EN = EO X er, or 
EO Xx Nn; therefore the part of the preſſure on Ee, in direc. 
tion ME, from whence the ſtreſs at B ariſes, is = EO > N, that 


is = to the preſſure upon the plane Ni; conſequently the ſtreſs * 


ariſing from the preſſure on BE is == preſſure on BN, and 
from the preſſure on BA is = preſſure on BO ; and the ſtreſs 
at D by the preſſure on AD is equal to the preſſure on OD. 
Alſo we ſuppoſe the ſame forces acting in the ſemi-circle 
BCD; but theſe ſerve only to keep the forces acting upon 
BAD in equilibrio. N | 


Cor. 1. 'Thbe ſtreſs on any part of a pipe fall of waler, is as the 
diameter of the pipe, and the perpendicular beight of the water above 
that place; and conſequently the thickneſs of the metal ought to be 


in that ratio. 


Cor. 2. In any concave ſurface, taſk, or veſſel, generuled by m- 
vol ving round an axis, and filled with a lui, the ftre/s as to ſplit» 
ting is equal to half the preſſure upon the plane paſſing through its 
axis ; and the ſtreſs on botb ſides at B and Degual lo the whote 
Preſſure on that plane. 


Cor. 3. Hence the internal preſſure on ury length of the pipe, 4s 
10 tbe Ares it ſuffers as to ſplitting: : as 2 X 3.1416 1. 


r. 4. Hence it follows, that the ſtreſs, ariſing from any pref 
fare, upon any part, to ſplit it longitudinally, tranſverſely, or in 
any 
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auy dire tion, is equa! to the pt upon a Pla 
—— 10 the line of direction, thus the fireſs ar, 
ſure on BE is = preſſure on BN. 


raren perpends- 


From the pre/= 


Cor. 5. And if the pipe be flexible, it will, by the preſſure, be 
pul into a cylindrical form, or ſuch that the ſection is a circle. _ 
For if BD be greater than AC, there will be à greater pre. 
ſure in direction OA than in direction OB, and the greater 
prefſure will drive out the ſides A and C till AC become equal 
to BD, and ABCD be a circle; beſides, à circle is more ca- 
pacious than any other figure, and if a Pipe be not flexible, 
yet the preſſure of the fluid will always endeavour to put it into 
a Circular figure. OR AYR ODEO Bos HEN got 


Cor: 6. And if an elaſtic compreſſed fluid be incloſed in a veſſed, 


flexible, and capable of being diſtended every way, it will form itſelf 
into a ſphere, for the ſame reaſon. 11 | j 


1 


1 1 


b RO P. X . 


Fa cloſe flexible tube AB full of air, be immerſed wholly avi part 
in the water CDEP, the force 10 ſplit it, in any place O, is 
proportional 10 AQ, its height from Al. N 


For the air compreſſed at A is in equilibrio with the external 
preffure of the water; at B and O the air is in the fame com- 
prefſed ſtate as in 4, but the external preſſure at B, is leſs by 
the weight of the column of water AB, and at any place ©, 
the external preſſure is leſs than in 4, by the weight of AO, 
therefore the internal preſſure at O exceeds the external, by the 


weight of the column of water AO, and the ftreſs at O is as 
that exceſs, 


Cor. 1. The fireſs is greateft at the top BG, and at A is nothing. 


Cor. 2. If the tube be inflexible, the fireſs will be according to 
the Hale of the compreſſed air within it ; if the air within be the 
ſame as the external air at B, then the freſs at O is as BO ; if 
Ut 3 655 * be * air, the increaſe of the ſireſs will be alſo 
as BO, acding at the out[ide ; if it be of very great denſity, the 
mcreaſe of reef at O * 6 ; eg g 

12 For 


91 
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The quantily A 4 fluid flowing in any time through a hole in the 
vol tom or. ſide of a veſſel, always kept full, is equal to a cylinder 
'- [whoſe baſe is the area of the bole, and its length the ſpace a body 
. » will-deſcribe in that time, with the velocity acquired by falling 
_» through balf the beight of the liquor above the hole. 
Let ADB be a veſſel of water, B the hole, and take BC'— BD. 
the height of the water, and let the cylinder of water BC fall 
by its weight through half DB, and it will by that fall ac. 
quire-ſuch a motion, as to paſs through DB or BC uniformly 
in the ſame time, by Cor. 3. Prop. XIV.; but (by Prop. 
LXXXIII. and Cor. 2.) the water in the orifice B is preſſed 
with the weight of a column of water, whoſe baſe is B and 
height BD or BC, therefore this preſſure is equal to the weight 
of the cylinder BC, but equal forces generate equal motions; 
therefore the preſſure at B will generate the ſame motion in the 


ſpouting water, as was generated by the weight of the cylinder 


of water BC; therefore in the time of falling through half 
DB, a cylinder of water will ſpout out, whoſe length (or the 
ſpace paſſed uniformly over) is BC or BD; and in the ſame 
time repeated, another equal cylinder BC will flow out, and in 
a third part of time, a third, Sc.; therefore the length of the 


-whole cylinder run out, will be proportional to the time, and 
conſequently the velocity of the water at B is uniform, there- 


fore in any time the length of a cylinder of water ſpouting out, 


vill be equal to the length deſcribed in that time, with the velo- 


locity acquired by falling through half DOB. 


; 


Cor. 1. Hence in the time of falling through balf DB, a quan- 
tity of the fluid runs out, equal io a cylinder whoſe baſe is the bole, 


and length the beight of the fluid above the hole. 


n. | 2. The velocity in the hole B is uniform, and is equal to that 
a heavy body acquires by falling through half DB. 


* Some philoſophers make the velocity to be ſuch as a body acquires by 
falling through the <vho/- height of the fluid above the hole, and the ſame 
agrees with experiments nearly, C. Hi. Gor 
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' Cor. 3. But at @ ſmall diſtance wilbout the bole, the tram 1 f 1 0. 
contracted into à leſs diameter, and its velocity increaſed; ſo that if 138. 


a fluid ſpout through. a hole made in a thin plate of metal, it ac. 
quires a velocity nearly equal to that which a heavy body acquires 
by falling the whole height of the flagnant fluid above the bole. 

For 3 the fluid converges from all ſides towards the cen- 
tre of the hole BF, and all the particles endeavouring to go on 
in right lines, but meeting one another at the hole, they will 
compreſs one another; and this compreſſion being every where 
directed to the axis of the ſpouting cylinder, the parts of the 
fluid will endeavour to converge to a point, by which means 
the fluid will form itſelf into a ſort of a conical figure, at ſome 
diſtance from the hole, as BEG F. By this lateral compreſſion, 
the particles near the ſides of the hole are made to deſcribe 
curve lines, as HE, XG; and by the direct compreſſion, the 
fluid from the hole is accelerated outwards at EG; and thus 
the ſtream will be contracted at E, in the ratio of about / 2 
to 1, and the velocity increaſed in the ſame ratio. 

It muſt be obſerved, however, that the particles of the fluid 
do not always move right forward, but near the edge of the 
hole, often in ſpiral lines; for nobody can inſtantly change 
- courſe in an angle, but muſt do it gradually, in ſome curve 

ne. | 


Cor. 4. The fuid at the ſame depth ſpout's out nearly with the 
fame velocily, upwards, downwards, ſideways, or in any directian; 
and if it ſpout vertically, aſcends nearly io the upper ſurface of the 


uid. 


Cor. 5. The velocities of ihe fluid, ſpoul ing out at different depibs, 
are as the ſquare roots of the depths. 85 
For the velocities of falling bodies are as the ſquare roots of 
the heights. | | P 


Cor. 6. Hence if s = 16-2; feet, D = depth of the veſſel to the 
centre of the bole, F area of tbe bole, all in feet, t = lime in 
ſeconds ; then the quantity of water running out in the time t, I 
ibis Prop. will be IFB, feet, or 6.1281 F/ i ale gallons. 


S C MWD LL. 


There are ſeveral irregularities in ſpouting fluids, ariſing; 
from the reſiſtance of the air, the friction of the tubes, the big- 
neſs 


* 


F 1 d. hefs and ſhape of the veſſel, or of the hole; &c. A fluid ſpouts 
138. fartheſt through a thin plate. If it ſpout through a tube inſtead 
of a plate, it will not ſpout fo far, partly from the friction, 
and partly becauſe the ſtream does not converge ſo much, or 
grow ſmaller. - A jet d'eau-ſpouts higher, if its direction be a 
little inclined from the perpendicular; becauſe the water in the 
uppermoſt part of the jet falls down. upon the lower part and 
ſtops its motion. We find, by experience, a fluid never ſpout: 
to the full height of the water above the hole; but in ſmall 
heights falls ſhort of it, by ſpaces, which are as the ſquares of 
the heights of the fluid; and all bodies projected upwards, 
fall ſhort of thoſe projected in vacuo, by ſpaces which are in 
the ſame ratio; from the reſiſtance of the air. + apts 
By experiments, if the height of a reſervoir be 5 feet, a jet 
will fall an inch ſhort, and the defect will be as the ſquare of 
the height of the reſervoir ; but ſmall jets fail more than in that 
proportion, from: the greater reſiſtance of the air. 
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139+ Fa notch or flit, ſgbi, in form of a parallelogram, be cut out of 
- the fade of a vaſſel full of water, ADE, the quantity of water 
Howing out of it, will be + the quaniity flowing ou! of an equal 
orifice, placed at the whole d-pib gi, or at the baſe bi, in the 

Same time; the veſſel being ſuppoſed to be always kept full, 


For draw the parabola gab, whoſe axis is gi, and baſe hi, and 
ordinate ro; then ſince the velocity of the fluid at any place x, 
is as /r, (by Cor. 5. of the laſt Prop.) that is (by the nature 
of the parabola) as the ordinate 70; therefore ro will re 
the quantity diſcharged at the depth or ſection n; alſo bi will 
repreſent the quantity diſcharged at the depth or baſe h; con- 
ſequently the ſum of all the ordinates ro, or the area of the 
parabola, will repreſent the quantity diſcharged at all the places 
rn; and the ſum of all the lines h or rn, or the area of the 
parallelogram gbi, will repreſent the quantity diſcharged by all 
the ſections rn, placed as low as the baſe bi; but the parabola 
is to the parallelogram as = to 1. | 


Cor. 


TVT mo 55, AO. ale. R. - — | i 


* 


c 


Cor. 1. Let s = 1645 feet; D gi, the depth of the ſlit, F rrrTa. | 
area of the ſlit, fhig ; then the quantity flowing out in any time or 139. 


number of ſeconds t, is AF Ds. 
This follows from Cor. 6. of the laſt Prop. 


Cor. 2. The quantity of fluid diſcharged through the hole nbi, is 
fo the quantity which would be diſcharged through an equal hole 
placed as low as hi, as the parabolic ſegment robi 10 the reftang(e 
rubi. | . Fad | 
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The Reſiſtance of Fluids, their Forces and Aftions 
upon Bodies, the Motion of Ships, and Poſition 
of their Sails. if J 


'P RO FP. XX. 


A body deſcending in a fluid, adds a quantity of weight to the fluid, 
equal to the reſiſtance it meets with in falling. 
FIG, | 
For the reſiſtance is equal to the gravity loſt by the body; 
and becauſe action and re- action are equal and contrary, the 
gravity loſt by the body, is equal to that gained by the fluid, 
2 the reſiſtance is equal to the gravity gained by the 
fluid. | | 


Gor. 1. If a body aſcends in a fluid, it diminiſhes the gravily of 
the fluid, by a quantity equal to the reſiſtance ii meets with. 


Cor. 2. This increaſe of weight ariſing from the reſiflance, is 
over 1 the additional weight mentioned in Cor. 1. Prop. 


Cor. 3. Ja heterogeneous body deſcend in a fluid, it will endea- 
vour to move with its centre of gravity foremoſt, leaving the centre 
of gravity of as much of the fluid behind. 


or the fide towards the centre of gravity, contains more 
matter, and will more eaſily make its way through the fluid, 
and be leſs retarded in it. 


PROP. 


* 
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If « any Jody nodes through s fuld, the * coy 1 meets with fo, as 
| ebe ſquare of its velovity. * 


For the refiſtance is as the number of Pe fright) hd 
the velocity with which one particle is ſtruck; but che number 
of particles of the fluid which are ſtruck in any time, is as the 
velocity of the body, therefore * whole refiſtance is as the 


ſquare of the velocity. 


Or. 1. The reſiſtances of Mailer bo bodies moving in any „ fats, are 
as the [attaves of their diameters, the Squares of their velocities, and | 
the denſittes of the fluids.” 

For the number of particles ſtruck with the fame velocity, 
are as the ſquares of the e and the denſities of the 
fluids. 


Cor. 2. F two 4 A, B, witb the ſame rer, — with 
the reſiſtances p and q, their velocities will be as 77 and — Cl when 


* 


they meet with equal reſiflances.. 
For let 6 be the common velocity, then 5 2 =, and 


by T= — velocity of A to have the refiſtance q 75 and inte b — 


velocity of B.to have the fame reſiſtance «ko therefore wel A : 
vei.'B : og e, e, 
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The centre of 700 Nance US any Hane — 1 Geh forward i 0 4 
| Aud. is the Jann: as the centre Ce ETA „abo 


" Thane of refiſtance i is chat r to "hich. 12 8 

force be applied, it ſhall juſt ſuſtain che reſiſtance. 
Now the reſiſtance is equal upon all equal parts of the plane, 
and therefore the reſiſtance acta 5 the plane after the fame 
manner, 


146 
1G. manner, and with the ſame forces as 
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RESISTANCE or. FLUIDS. 


gravity does, ks the 
centre of both the reſiſtance and gravity muſt be the ſame. | 


Cor. 1. In any body mov ws through a fluid, the line of direQion 
of its motion will paſs tbrough the centre of re/iftance, and centre of 
2 of the body. 


For if it do 25 the forces ariſing from the weight and reſiſt- 
ance, will not balance one another, which will cauſe the body 
to librate or oſcillate in the fluid, till by degrees the 2 
of theſe two centres will fall into the line of their motion. 


Gor. 2. And for the ſame reaſon,” if a globe, moving in a a fluid, 
oſcillates or turns round its axis, that fide which in oſcillating 
moving againſt the fluid, ſuffers a greater force or reſiflance, and 
therefore the body is driven from that part, and made to recede from. 
that ſide, and deſſect to #he other fide, and perhaps deſcribe a curve 
line in the fluid. 


PROP. CII. 


If a non-tenacious fluid, ach as the wind, &c. move againſt the ht 
SA or any plane ſurface, in directiun W F, it all urge it in a di- 
rection WA ndicular to that ſurface, with a force, which i is 
as the ſquare of the velocity, the ſquare of the ſine of the angle of 
incidence, the magnitude of the ſail, and the denſi ity of the fluid, 


Draw WA, AC perpendicular to $4, Si, then the force of 
the fluid upon SA, is as the force of one particle, and the num- 
ber of them falling on SA. 

But (by Cor. 1. Prop. IX.) the force of one particle is as its 
velocity XS. AA a WSA. - 

And the number of them (ſup poſing the denſity to be given) 
is as their velocity x CA, or ſuppoſing the fail $4 given) as the 
velocity x S. MIA. 

Therefore the force of the fluid upon the fail $4, is as the 
ſquare of the velocity, and the ſquare of the ſine of 2 

Increaſe the denſity of the fluid, and the magnitude of the 
fail, in any ratio, and it is evident the force of the Fall 2 475 
the fail wilt be increaſed in the ſame ratio. | 2 
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Cor. 1. And if a thin body move in a fluid at reſt, the ſame law v 1 G. 
holds in reſpe# of the reſiſtance it meets with in the direction per- 140. 


pendicular to ils ſurface. 


Cor. 2. If a fluid wilb à given velocity move in direfion WS, 1 1. 
againſi the ſail SA, ils farce io move the ſail in any given direction 


SB, is as the ſquare. of the S. SA xc by the S. ASB; and if WSB 
be a right angle, as S. Mod x4 fine of twice WSA. + 

For let SD, DB be perpendicular. to SA, SB, then SD is 
the whole force acting at &, and SB the force in direction SB, 
and SB is as S. DE or ASB, and if ASB be the comp. of 
WSA, then S.WSA x col. WSA is as S. twice WSA, by trigo- 


Cor. 3. The force of a fluid in direction M., to move the ſail or 
body SA in the ſame direction WS, is (ceteris paribus) as the cube 
of the ſing of incidence MIA. | SH 30 DTS u 977 "10 
For nen HSB will be one continued ſtraight line. 


Cor. 4. But the force of a given fliream of a fluid, againſt any 
ſail SA, to move it perpendicular to its ſurface, is ſimply as the S. 
angle of incidence; but to move it in tbe ſame direktion with itſelf, as 
the ſquare of the & incidence; all things. elſe remaining the ſame. 

This follows from Cor. 1. Prop. IX. and Cor. 2, of this. 


SC. H:Q-L 1 


If the angle WSB be given, the fluid will have the greateſt 
force poſſible * the ſail, to move it in direction $B, when 

its poſition is ſuch, that the ſine of the diff. of the angles 
IVSA-—ASB, may be + the fine of the ſum E. 


SEMDx mn 


If the fluid be tenacious it will urge the body in the ſame di- 
rection with itſelf, and with a force Which is as the fine of inci- 
dence ; or univerſally, as the fine of incidence, the ſquare of the 
velocity, the magnitude of the ſail, and denſity of the fluid. 
For by reaſon of the tenacity of the fluid, the fail is acted on 
by both the forces A, AS, which are equivalent to WS. 


U 2 PROP. 
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FI 0. if a very thin and light body SA, plain on both ff as, 4 N in 
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143. 


à very denſe fluid, which moves in diremion WS, an the body can 
13 little or no way through the-fluid, but only in Ibe diretiion of 
lle length SA, and , the body. b abliged\to move parallel 10 It. 
ſelf in a givbu 'direttion SD; Ii the bolly will be fo moved in 


the it, that ths "folate belle wil de r FD al of 
« the fluids." I; 7 Mt he's KL 145 N | 


+ 4 * 6 bat 


2 


LEY 


4 


Draw DT 3 to AS, and d 2 80 uy T, "hed whit 


a part of the fluid moves from 5 to T, the body will be moved 


into the line 7, and ſince ($N.is;the direction of its motion, 


— point 5 will be found in Di and therefore the velocitits 


of the fluid, and of the body, will be as Ad to MDs 8 is, as 
S.T DS or D ff, 0 or HA. etl 1% 


Cor. 1. VN the direstion of {he fluid, is Dd $D 
the direction of ſbe body (hen the. vel velecii.f the c 4g wy 
tan, I. Fans" of, #he fuiee. 


EP ea, radius beg n. A 


Cor. 2. And bence if tbe 5 SA continually turn round an axis 
parallel to WS, then . velocity of $ A in direction perpendicular to 
Is, will be as the Tan. WS AX velocity of the fluid. 

For 84 in this euſe, Will alu ays have the n e e t6 the 
direction of the Maid, as before, rr Zilent 
; LEF 38 73 10 f 101 

re 3. Vaucry thin body $4 brobliged. 70 e to Al, 
through a very denſe fluid at reſt, and if it be drawn with a given 
velocity in direction always parallele SW; its abſolute velocity in 
he uid will be on; {FAO as the coſe. WSA, and in OO SA. 


I 40 perpendicular to in, then ß reaſon 0 f the gen- 
"fity and 3 of the fluid; the body will not be a le to move 
laterally, but only 15 irection SA, 82 the velociti ies of the 
point & in directions SW, $.4, are as, C to $A, or as col. CA to 


rad. - therefore wel. in dirclion 64 he vel. in diret- 
tion . 


PROP. 
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For complete the paruſlelogram * and let the body be 
ar reſt, and the fluid move wich che tbhtratymetion DD yy, 
and then their relative motibnd will be he fütte as bbfore, and 
che fluid wil! have the b metione , Y in teſpeck of the 
body SA at reſt; therefore (by 0 I VII.) che rhbu 
tion compounded out of theſe is FS, which is the abſolute. 
motion of the fluid, ſuppoſing the body at reſt, or the relative 
motion of it in reſpect of the moving body, and therefbre ac 
on it in the angle FFA. 1 THR 31 K\ & 0 V ENS 2 KK - 
= AGYD een Ve RY nat "Fir 11467 
Cor. If Efalls in the line $A, thin abr tui afts nit'at All uon 
the body; and if it fall on the contrary ſide of #t, then the Mut als 
on the contrary ſide of the body SA. e 


wi 5; i n 8 {cd 
The fluid will move the ſurface” in direction 8D with-the 
greateſt force, when it has ſuch 4 poſition, that the ſine of the 
diff. of the angles, FFA—AFD, may be I the ſine of the angle 
And when the angle „IA is given, the, fluid will have 5 
greateſt force upon the fail 8.4, to move it in direction ID, 


when the S. angle ASD. is equal to — NA the F. of HFA. 


PROP. CV. 


Les $4 be the Jail of a bp, SD tbe pong of ber kerl, S. PR 145. 
Pberpendiculur to SA, D; and if DE; Be as the reſiſtances 
the ſhip has a-bead and aſide, with equal velocities, and if DC is 

| a mean 


* 


150 
' FIG. 
145. 


RESISTAN CE '6r''FLUTDS. 


4 mean proportional between DE and DK, then SC will be the 
way of the ſhip nearly. 


b 
491 


For let SK perpendicular to SA n force of the wind 


ITY upon the ſail ;; the force SK is reſolved into the forces SD, DK ; 
O is the direct force, and DK: the force produeing her lee- way; 


33 Bree p 0" eee 


by Prop PCR OR with velocity SD: reſiſt. ahead 
ELTON | with vel. DE:: SD: DE, 
and reſiſt. — Lich vel. DE: ref. aſide with vel. DE: : DE: : SD, 
nd 5 aſide "ru vel. DE: ref. afide with vel. DC: Wee Der. 
Therefore ex quo. FI 

Re bead with wel. HD: reſ. aſide with vels DC * be N 
D x DDO; De DE: DG. il; nod % 
But the refiſtances areas the forces cing chem, therefor 


i”. Let ra=/hip's reſiſtance abead, R = ſhip 5 3 
afide, with. the'/ame velocity; then R: 1: : eee 48D; 
tan. Square of DSC, the lee way. | 

For let rad. = 1. tan. DSK t; then 1 D: : DK = 


tx, and . 50 er 
tan. DSC=/ Sp wu, 


. * * 9 . 
. #4 * * l ' ; ) K 
\ F x ; 1 \ EY Y 5 


Cor. 2. ws the tangent Mibe lee- way, in the ſame Ai, i 16 as 
the ſquare root of the contangent of the angle ASD, which the ſail 


mates with the, keel; therefore if the ler- way be known . * * 


tion * the ſail, it 5 Ee Hy alt. 
r 


The 1 22 a ſhip is 2 858 ſomethin more than 1 here 
aſſigned, becauſe 8 hull and rigging ailf make her re a 


little to leeward, directly from the wind. 


hos. 


PROP. 45 


be wind with a given LE "MES, in di * IS, fall on the ſail 
SA of a ſoip, making liltle or no lee-way, it will urge the ſoip in di- 
rection 9 a * * 1 with a arg whichisas F. N . Wet wa” 


10 1 * \ az 


— 


Seck. XI. RESISTANGE: 6r FLUTDS. 


Draw SC perpendicular to SA, and CD to SD; and (by 

CII.) the force acti _ the fail in diredion SC, is as 
ſquare of the fine ; but the forces in directions SC _ 
SD are as SC to SD, L 
therefore the force in direction SD e 0 Nur in LE 
tion SC = S.ASD X . 1 


Cor. 1. The force 2 fing i in Ape rien DG baum hs 
keel 1 is as . W A * 2 * 


* 2. The Gros in Arden SD will be eee as 8 Fs A” 146. 


X S.ASD, and the ſquare of ibe oy of the Wind, and magni- 
tude of the ſail. | 


Cor. 3. The velocity of ths i bn In direBion TD, is as 5. wed * 
IA velocity of the wind. 
For the ſquare of the velocity of the ſhip i in any direction, is 
as the reſiſtance in the water, or (its equal) the force of the wind 
upon the fail in that direction; that is (by Cor. 2.) as S. NFA 
S. ASD, and the ſquare of the ee of the W the 
denſity and fail being given. 9D 0 


Cor. 4. Let the angle WSA be given ; and if SDC be a  ſemi- 
circle deſcribed on any given line SC; then the force in any direc- 


ion SD of the keel ts as the cord SD, and the velocity as y S B. 


Cor. 5. The velocity of Me Ai p to windward, is as F. FSA X 
SE: — 600. WSD. 2 „ 

For draw SP 4 to WS, and DG to > SP, 15 the 
velocities in directions SD, GD are as 5D to GD, or as radius 1 
to S.DSG: therefore the velocity in GDS. DSG X 8. WSA * 


$.ASD. 


Cor. 6. The force of the ow . to lun the 2 about, is as 
F. NIA X cof. ASD. 


This appears by Cor. 1. arp the ail placed in the kead 
of the ſhip. 


PROP. 
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1 I's r . a maren, lu, dv artin ay: 2 

Kufa, it force againſt that plang is to-the Weight of 4 
column of the fluid, whoſe baſe is the en of the yea} and 
its length twice the height ANTE by a 2 * lo acquire 
"bs velocity of the fluid.” — 


Let Sr Ys feet, the height deſcended by, 4 fall ing body: in 


. $-++-4.4 


ane {eco 
eg e of the fluid, or the ſpace i it deſcribes i in one 


econd. | 
B = baſe of the cylinder or column of water: 


Then 25== velocity generated by gravity in fallin through,s; 
therefore (by Cor. 1. 1 XIV.) . 


4 24 :: uw 2 7 == height fallen to gain the ed 
and eue that beicht; ae B=a Wide of 


twice that height. 
Now the motion which the eplindbe' weight will poco in 
1 ſecond, Is 25 X —B; or vv; the motion being as the 


body X by the velocity; od the force of the fluid againſt.the 
plany 4 N to the reſiſtance of the pl-.;c and the motion 
deſtroyed in 1 ſecond by the reſiſtance of the plane, is v Xx By 


ar vB, which 1 was alſo the motion generated by the weight of 
the cylinder — —— B, in the fame time ; but equal farces in the 
fame time generate or 2 equal motions ; therefore the 


weight of the elder = Þ = boxe gf the fluid gaſh 


plane. 8 


r 
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Cor. 1. The force of a fixeant of esd plendcs equal 
to the weight of a column of water whoſe baſe is the ſettion. of tht 
Aram, and height ; or the beight ' of "the. wither,” ae 
through a bole at the bottom of a reſervoir. 

It follows from this Prop. and Prop. XCVII. Gs 2. 
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Cor. 2. Moreover if any part of the water lie upon the plane, 
the foree + will be las, by the toeight of ſo much water. 5 
r. 
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Seck. X. RESISTANCE or FLUIDS. 8 
Cor. 3. The forces of different eam of water againſt any plane » 1 0. 
are as their ſections and tbe ſquares of the velocities. 5 


Cor. 4. If the plane be alſo in motion, the relative velocity of 
the water againſt the plane muſt be taken inſtead of the abſolute 


velocity. | 

| SCHOL. 

A cubic foot of water contains 6.128 ale gallons, and weighs 
6241b. aver. The denſity of water to that of air at a mean, 
is as 8 50 to 1. Sir Iſaac Newton found the reſiſtance of water 
to that of air (by the oſcillations of a pendulum) to be as 446 
to 1, or between 446 and 478 to 1, or at a mean as 460 to 1. 
See Schol. Prop. XXI, Book II. Principia. 


L EM M A. 


If the quadrant EDA revolve about the radius CA, and deſcribe an 147. 
bemiſphere, and from all the points of its ſurface, as D, d, per- 
pendiculars DB, db, be let fall upon the baſe EC; I ſay the ſum 
of all the perpendiculars BD, in the ſurface EDA, is to the ſum 
of as many radii CD, as 1 to 2. 


For take Da infinitely ſmall, and complete the ſquare CAHN, 
and draw CH, alſo draw DFGR, dier parallel to EC. By the 
3 triangles CDF, Dad, DF Da = CD x nd, alſo BD —= 

F— FG. _ 

The ſurface of the ſpherical annulus DdfF is 3.1416 x 2DF 
x D4 or 3.1416X 20D x nd, that is (becauſe 3. 1416 2CD is 
given) as nd or E; and the ſum of all the BD's in the annu- 
lus is as BD by its ſurface, that is, as BD x H, or FC X H; 
therefore the ſum of all the BD” s in the annulus is expreſſed by 
the area Fg; and for the ſame reaſon, the ſum of as many 
radii, by FrR; therefore the ſum of all the BD's in the 
hemiſphere : is to the ſum of as many radii : : as the ſum of all 
the FfgG : to the ſum of all the FfrR : : that is, as the triangle 
CAH : to the ſquare CAHN, or as 1 to 2. 


PROF: CVAL 


If a cylinder moves uniformly forward, in diredl ion of its axis, in 148. 
a fluid of the ſame denſity, it meets with a reſiſtance equal to 
tbe force which can generate its motion, in the time it deſcribes 
. Twice its length. 1 
| X | Let 
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RESISTANCE or FLUIDS. .- 


#16. let AB be the cylinder moving from I towards U, and tale 


148. FBCG equal to ASBF; and let us firſt ſuppoſe that the cylin- 


der AB, whilſt it moves forward, puſhes againſt the ſeveral 
parts of the fluid, and drives them ſucceſſively before it, in di- 
rection of its axis, from the ſeveral places through which it 
aſſes ; ſo that in equal times it moves equal quantities of the 
fluid, and communicates to them the ſame velocity that it 
moves with; it is evident that the cylinder, after it has moved 
uniformly forward, the length of its axis, has removed the 
cylinder of the fluid FBC G equal to itſelf ASBF, and has com- 
municated a motion to it equal to its own. And ſince action 
and re- action are equal, the force that uniformly generated this 
motion is equal to the uniform reſiſtance the cylinder ſuffered 
in the mean time; and therefore the reſiſtance is equal to the 
force by which its own motion can be generated, in the time it 
deſcribes its length. | 
All this is true, upon ſuppoſition that every particle of the 
fluid is driven directly forward with the ſame velocity the cy- 
linder has: but fince, in reality, the motion generated in the 
fluid is not directly forward, but (by Prop. LXXX.) diverges 
on all ſides, and in all manner of directions CD, Ca, Sc.; 
therefore, if the quadrant AE be divided into an infinite num- 


ber of equal parts, Dd, and to all the points D, d, the radii 


CD, Ca. Sc. be drawn, repreſenting the motions of the = 
ticles in all directions; and from any one D, the perp. DB be 
drawn on EC; then the motion CD (— CA) is reſolved into 
the two motions CB, BD; of which CB does not affect the cy- 
linder; and the direct motion of the particle D is only BD, 
which is leſs than CD; therefore the force to generate this 
motion, and conſequently the reſiſtance of a particle at D (equal 
to this force) muſt be leſs than before in proportion of CD to 
BD; therefore the former refiſtance, when all the particles 
are driven directly forward, to the refiſtance when they diverge 
on all ſides, is as the ſum of all the radii CD, drawn to every 
point of the furface of a ſphere, to the ſum of all the corre- 
ſponding ſines BD; that is (by the Lem.) as 2 to 1. There- 
tore the reſiſtance the cylinder meets with now is but half the 
former reſiſtance; conſequently, ſince the force to generate 
any motion is reciprocally as the time, the reſiſtance will be 
equal to the force that can generate its motion, in the time that 


it deſeribes twice its length. 


Cr. 


Sect. Xx. RESISTANCE or FUIDS;. 153 


Gr. 1. If @ cylinder moves in divefiion of its axis, in a finid 1 G. 
the ſame denſity, and with the velocity acquired by falling in vacuo, 148. 
from a height equal to its length, it meets with a re/iftance equal to 4 
its weight. e 


For the force that generates its motion, in the time of its 


moving twice its length (ar of falling through once its length) 


is its gravity. 


Cor. 2. 1f a cylinder moves uniformly forward in any fluid, its 
reſiſtance is to the force by which its whole motion may be generated 
in the time of moving twice its length, as. the denſily of the fluid to 
the denſity of the cylinder. 

For if the denſity of the fluid be increaſed. in any ratio, th 
reſiſtance will be increaſed in the ſame ratio, 


. 


Cor. 3. The reſiſtance of a cylinder moving in any fluid is equal 
to the weight of a cylinder of that fluid, of the ſame baſe, and its 
length equal to the beight a body falls in vacuo, to acquire its velo- 
city, By Cor. 1. 5 1 


Gor. 4. Les = 16%; fret, B==baſe of the cylinder, d == its 
velocity, or the ſpace deſcribed in 1 ſecand ; then its reſiſtance is 
= weight of the cylinder —_ B. of the fluid. ED 


SER. 


If the cylinder move in a fluid incloſed in a veſſel, inſtead 
of the abſolute velocity, the relative velocity in the fluid muſt 
be taken, in order to find the reſiſtance. And, beſides, if the 
veſſel be narrow, the reſiſtance will be increaſed more or leſs, 
becauſe the fluid, being confined by the veſſel, cannot then 
diverge in all directions; and if it be ſo confined that it can- 
not diverge at all, but is obliged to move directly forward, 
the reſiſtance then will be double ; which is the greateſt it can 
poſſibly have, or the utmoſt limit of its reſiſtance. Alſo, by 
comparing the laſt Cor. with Cor. 1. Prop. CVII. it appears 
that the force of a cylinder of water againſt a plane is double 
the reſiſtance an equal cylinder would meet with, moving in 
water with the ſame velocity. And this will not appear ſtrange, 
when we conſider, that in the firſt caſe the whole motion of 
the water is deſtroyed by the reſiſtance of the plane; but in the 
5 latter caſe, the water diverges every way from the moving cy- 
| X 2 linder, 
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156 RESISTANCE or FLUI Vs. 
1 t o. linder, and does not partake of its direct motion. But if the 


148. water was not ſuffered to diverge, but was driven directly for- 
| ward with the motion of the c inder, the refiſtance would then 
be doubled, and theſe two caſes would become the ſane. 


LEMMA. 


147. 1f the quadrant ADE revolve about the radius CA, * — 80 
an hemiſphere, and on every point B of the baſe, Perpendiculars 
BD be arawn; 1 ſay the ſum of all the BD* on the baſe, is 
to the ſum of as many CD', as 1 to 2. 


Let ED==r, CB, BD =y, e ==\3-1416, then 2cx = 
_ circumference of BC. Then 
The ſum of all the ry: to ſum of all the mes in the annulus 
Bb, is as 2cxXrr : to 2cx Jy: : YYx. 
And fum of all the vr: ſum of all the 8 in the hemiſphere, 
is as ſum rr BH: fum yy Bb, on the baſe; 
Or as ſum of rrx x Bb : ſum of rr—xx XxX Bb, 
Or as mel ſum of rrx x Bh: ſum rrx x B ſum x x Bb, oe 
baſe. 
+ But the ſum of all the x X Bl * 2 + 3 + 4, Ce. tor 
X 1 == +737" 
+ And ſum of all the rrx 36 ans = 2“. putting Bb — 1. 
+ Alſo the ſum of all the XBb=1* +2? + 3*+4*, Sc. tor 
X 1 = 47+. 
Therefore the ſum of all the rr ; ſum of all the yy, in the 
hemiſphere, Is a8 Ar. . Ar“, or as 4104, that is, as 2 to l. 


N CEC: 


Fa globe move uniformly forward in a compreſſed inſinile fluid, its 
reſiſtance is to the force by which its whole motion may be de- 
firoyed or generated, in the time of deſcribing + parts of its dia- 
oo as the denſity of the fluid to the denſity of the globe, very 
ie gk 4 


149. Let the globe move in the direction CA; draw the tan — 
DH, and BDG parallel to CA, and GH perp. to DH, AN 


1 See Ward's Math. Guide. Part v. 


Sect. X. RESISTANCE" or FEUIDS. 757 


GD be the force of à particle of the fluid againſt the bafe'B; IG. 
in direction GD; then GH will be the force acting againſt D, 149. 
in direction DC, and this force is to the force in direction 
GD as DC to DB; whence the force againſt B, is to the 
force againſt O, in direction GD, in a ratio compounded of 
GD to GH, and DC to DB, that is, as DC to DB* there- 
fore the force of all the particles of the fluid, againſt the baſe, 
is to their force againſt the convex furface; as the ſum of all 
the De- to the ſum of all the DB* on the baſe ; that is, (by the 
Lem.) as 2 to 1; therefore the reſiſtance of the ſurface of 
the ſphere, is but half the reſiſtance of the baſe, or of a eylin- 
der of the fame diameter. | A 
Nov the globe is to the circumſcribing cylinder as 2 to 3, 
and half of that force (which can deſtroy all the motion of this 
cylinder, whilſt it deſcribes 2 diameters) will deſtroy alt its mo- 
tion whilſt it deſcribes 4 diameters, and therefore the ſame 
force that deſtroys the cylinder's motion, in the time of moving 
4 diameters, will deftroy the globe's motion whilſt it moves 4 
of this length, or + of its own diameter; but (by Cor. 2. 
Prop. CVIII.) half the reſiſtance of the cylinder, that is, the 
reſiſtance of the globe, is to this force, as the denſity of the 
fluid, to the denſity of the cylinder or globe. | 


| Cor. 1. The reſiſtance of a ſphere is but half the reſiance of a 


rr 


; Mg ; 

5 N. N 10 . - 
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cylinder of the ſame diameter. 


Cor. 2. Tbe roſiſtance of a globe moving in any fluid, is equal to, 
tbe weight of a cylinder of that fluid, of the ſame diameter, and ils 
length equal to half the height, through which à body, falls in vacuo, 
to acquire the velocity of the globe. By Cor. 3. Prop. CVIII. 

Fberefore if s — 1642 feet, v = velocity of a globe, or the ſpace 
it moves in 1 ſecond, D — its diameter, then us refiſlance is equal 
to the-weight of a cylinder of the fluid of the ſame diameter D, and 


its length >, and if v A its re iftance is equal 19 the 
weight of an equal globe of the fluid. | TOY ' 


Cor. 3. The greateft velocity a globe can obtain, by deſcending in 

a fluid, is that which it would acquire by falling in vacuo, through 

| a ſpace that is to 4 the diameter, as the difference between the den- 

| 2 1 tbe globe and the denſity of the fluid, is to the denſity af the 
| uid, | | 


o 


For let G, F be the denſities of the globe and the fluid; D 
the diam eter of the globe ; then ſince à globe is equal to; a 
cylinder 
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| RESISTANCE or. FLUIDS. N 


5 1 6; cylinder whoſe height is 4D, therefore the weight of the 
149 —_= = weight of a cylinder of the fluid, whoſe length is 40 


RN. = and (by Prop. LXXXV. ) the weight of the globe 
in che Huld 7 = weight of a cylinder of the fluid, whoſe length 
is 4 D * . But (by Cor. 2.) the reſiſtance of the globe 
moving . the velocity acquired by falling in vacuo, through 
e ee * e e e the fluid 


whoſe length is 2D x. =; therefore the weight of che 


globe in the fluid is equal to the reſiſtance, and conſequently 
te cannot accelerate the apes 


Aud hence if vA SD., the reſiſtance ts equal 7 the 
weight dane! Lou in the fluid. 


Cor. 4. Two equal and ee ein globes moving in a refifing 


medium, will, in limes that are reciprocaliy as the firſt velocities, 


deſcribe equal ſpaces, and loſe a given part of their motions. 

For the motion loſt in deſcribing two very ſmall equal 
ſpaces, is as the reſiſtance and time, that is, (becaufe the ſpace 
is given) as the ſquare of the velocity directly and the velocity 
inverfely, that is directly as the velocity; and fo in defcrib- 
ing any ſpaces, the motion loſt will always be as the firſt mo. 
tion, and the time reciprocally as the firſt velocity. 


Cor. 58. Two bomogeneous globes, moving with equal velocities in 
@ fluid, loſe equal velocities in WIT ſpaces proportional to their 
diameters. 
For the velocity loſt in each, by deſcribing two ſmall ſpaces 
rtional to the diameters, will be as the reſiſtance and time 


prope 
directly, and the body inverſely ; that is (becauſe the reſiſtance . 


is as the ſquare of the diameter, and the time as the diameter), 
as the cube of the diameter directly, and the cube of the dia- 
meter inverſely, therefore the velocity loſt is equal in both; 
ap the like for any ſucceeding correſpondent parts. 


SCHOOL: 


The reſiſtance of fluids is of three kinds. 1. Tenacity or 
cob fon of the parts of the liquor, which is the force by which 
the particles of the fluid ſtick together, and cauſes them not co 


10 U eaſily, and this is the fame for all velocities. 2. Fric- 
tion 


by one another, and this 18 


1 » o © 


Sec. X. RESISTANCE dr FLUTDS. 


ion or altyitim, where the parts of the fluid do not ſlide freely'y * 
as che velocity, 3. The deity vr 149. 
aan of matter to be tentbved, and this 1s as che ſquare of 
the velocity; the two former kinds are very fmall in all fluid, 
except viſcid” and glutinous ones, and upon this account the 

ing theory regards only the Halt kind,” and therefore 
the refiſtance there deſcribed is the very leaſt the body can pot- 
ſibly meet with; but fince all fluids have ſome ſmall degree of 
friction and tenacity, they will increaſe the reſiftance a little; 
alſo when the velocity is very great, the compreſſion of the 
fluid ought to be ſo too, to cauſe the ffuid to return with equal 
eaſe behind the moving body, and when this does not happen, 
the reſiſtance is increaſed upon that account. For a fluid yield- 
ing to a projectile does not recede ad infinitum; but with a 
circular motion comes round to the plates which the body 
leaves. Likewiſe when bodies move in a ſtagnant fluid near 
the ſurface, the fluid cannot dilate itſelf upwards, to give 
way to the moving body, and this will conſiderably increaſe 
the reſiſtance ; alio if a body moves in a fluid incloſed in a 
veſſel, the relative velocity of the body in the fluid muſt be 
eſteemed its true velocity, but the reſiſtance it meets with will 
be increaſed, becauſe the fluid has not liberty to diverge every 
way, and the ſtraiter the veſſel, the more is the reſiftance 
increaſed, and it may by this means be increaſed till it be near 
double, beyond which it cannot go. For all that a body can 
do is to drive the fluid wholly before it, without any diverging ; 
ſo that the leaſt reſiſtance a globe can have is the ſame as is 
laid down in Cor. 2. of the laſt Prop. and the greateſt can never 
exceed the double of it, ſo that it will always be between theſe 
limits. If the fluid in which the body moves be elaſtic and 
ſpring from the body, the reſiſtance will be greater than if it 
was non-elaſtic ; but theſe irregularities are not conſidered in 
the foregoing theory. 

There are ſome bodies that may be reckoned in a middle 
ſtate between ſolids and fluids, and in ſome of theſe the tena- 
city and friction is fo great, as in many caſes far to exceed the 
reſiſtance arifing from their denfity only. For example, it 
appears by experiments, that if a hard body be fuſpended at 
ſeveral heights, and be let fall upon any ſoft ſubſtance, ſuch 
as tallow, foft clay, wax, ſnow, Sc. it will make pits or im- 
preſſions, which are as the heights fallen, that 1s, as the ſquares 
of the velocities; likewiſe nails give way to a hammer in a 
ratio which is as the ſquare of the velocity. Comparing this 
with Schol. Prop. XIV. it appears that in theſe caſes, the 
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RESISTANCE; or FLUIDS. - - 


reſiſtance is the ſame for all velocities, which argues a 


great degree of tenacity. Again, bodies projected into earth 
mixt with ſtones, the impreſſions. are fo to be between the 


| ſimple and duplicate ratio of the velocities, therefore in this 


Caſe, the reſiſtance is in a leſs ratio than the ſimple ratio of the 
velocity, and therefore theſe ſorts of bodies have both friction 
and tenacity : and in different ſorts of bodies there is great 
difference and variety in their nature and conſtitution. 

\. Tenacity may be compared to the force of gravity, which is 
always the ſame, with this difference, that tenacity acts, always 
contrary to the motion of the body, and when the body is at 
reſt it is nothing. Attrition may be compared to the motion 
of a body ſtriking always a given number of particles of matter 
in a given time, with any velocity, and therefore the reſiſtance 
of ſuch a body will be as the velocity. 
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Methods of communicating, directing, and regu- 


lating any motion in the e of mechanics. 


PROP. CX. 


to another. 


1. The eaſieſt and ſimpleſt method of communicating mo- 
tion from one thing A to another B, is by a rope or a lever 
AB, reaching between the two o places, or things or things 

2. Motion is communicat _ _ wheel or roller DC 
to another AB, by a tual or rope ABCD, 
once or oftener car or if you will, Wo chain. „h 
the rope ſlip not, make knots on it, and channels in the wheels, 
if neceſſary. 

Motion is communicated from one wheel ABC, to ano- 
ther DEF; by the teeth in the two wheels working together. 
Or thus, where the axis of A having but one tooth; one revo- 
Jurion of it anſwers to the motion only one tooth in B. 

4. Motion is communicated from one place to another, by 
one or more beams or levers, MB, BC, CE, EF, FH, Sc. 
moveable about the centers A, B, 2 D, E, B G; of which 
A, D, G, Sc. are fixt. Here if the point M be moved, the 
point H will be moved; for MB, BC, CE, &c. all move one 
another to the laſt, Ni. 

5- Motion may alſo be communicated from A to B, by a 
pinion at A, and a ſtraight ruler with teeth, which bite one 


another. 


To 0 motion from one body to another, or from one p 3 
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PRODUCING MOTION. 


By belp of one uniform-motion given; to produce anoth 
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i form or accelerated. 
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1. 1. A uniform motion is produced in the wheel DEN 


moving the wheel ABC uniformly, which carries it. Alſo a= 
uniform motion is produced in wheels moving by cords, as AB; 
CD : for one being moved uniformly, moves the other alſo uu 
r 2 8 an - 

2. The wheel BF may be made to move uniformly about then 
center C by the motion of the wheel BD. On the baſe BFwithl 


Then the point B of the wheel AB, moving uniformly about than 


center A, and paſſing over the tooth BE: will move the wheel 
BF uniformly, about: C. Here the acting tooch AB ought 
be made crooked as Ab, that it touch not the end E, of the tools 


BE, if it act on the concave ſide. Or elſe the plane of 


wheel BD: muſt be raiſed above the plane of BF, and a'togth 


„ 


made at B to bend down perpendicular to the plane of the H 1 
as. AG, to catch the tooth BE. j —_— 
3. The lever AB may be made to move up and down wil 


either a uniform or accelerated motion, after this manner. 


At be a wheel whoſe axis is parallel to the lever, and dire 


above it. Take any arch Ng, and divide it into any number F 


equal parts at 1, 2, 3, Sc. through which, from the cente 


draw Oa, Oh, Oc, Od; and make 1a, 25, 3c, 44, Sc. reg 
IF tively equal to 1, 2, 3. 4 equal parts. And through the points 2 


N, a, b, Sc. draw the curve Nabed. Then the part NdF ban 
ing made of ſolid wood, and fixed to the wheel, and the whe 
being turned uniformly: about, in the order ENA, the part ve 
will give a. uniform motion to the lever AB, about the c 
of motion C. And you may fix as many of theſe teeth ti 


. wheel as you will. 


Again, in the togth. A D, if At, 12, 23. Ec. be taken e 
and 14, 26, 3c, 4d, &c. be taken equal to 1, 4, 9, 16 Ga 


equal parts; and the curve Agbcd be drawn, and the tooth forms 


ed. Then the lever will be moved with a uniformly access 


rated motion. 


chain going over the end B. 


The accelerated motion is proper for lifting a given weighty” 3 
at the end B, as a hammer ; or for working a pump, by a 3 
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Seck. XI; PRODUCING MOTION. 


machine GD, moving uniformly along GD. Make HI, IF 
right lines; and make as many ſuch teeth as you will; and theſe 
will give a uniform motion to the lever. 


Make the curves EFE all parabola's, equal and equi-diftant ; 


whoſe vertices are at F: and their baſes meet at E, and theſe 


will make the lever riſe and fall with an accelerated motion. 


158. 


Such parabolic teeth as theſe may be placed on a wheel, whoſe 


axis is perpendicular to the horizon. 


5. One wheel may move another with an accelerative motion 


LI 


thus. On the circle or wheel EF, take Ea, ab, bc. Sc. equal 


159. 


to ach other. And on the edge of the wheel B take Bra 


very ſmall. part; and 19, 35, 87, Cc. 3. 5; „ Sc. times Br, 
ſuppoſe the plane of the wheel E to ee. as far as the 
marks, 1, 3, 5, 7, Sc. then turn the wheel EF, till E fall on 
a, then mark the point 1 on the plane of the wheel EF. Then 
turn £F,till E comes to r and mark the point 3 on the plane 
of the wheel EF. Likewiſe let E come to c; d, Fc. and mark 
the points 5, 7, Sc. om the plane of the wheel EF; then E 
1 3 5 7-4 is the figure of the tooth of the wheel EF, which 


being uniformly moved, will move DB. with an aceelerative 


4 : 
T5 * 1414 
1 * 4 
* . F —_—_— 
* | 5 4 - 5 » 
8 *  # : f ? ; 4 *, v9 * ” I ” _ 


P RO P. CMH. 
To change the direction of any: motion. 


I. The direction of any motion may be changed, by the lever 
of the firſt kind, for the two ends have oppoſite motions; 
Likewiſe a bended lever will change the dlteclion to any other 
direction. n nee CEN | 
2. The direction of motion may be ages "he del 

pulleys; with a rope going over them. Thus the ares ion 
2 ſucceſſively into the directions BC, CD, DE, 


3. The direction may be changed by wheels, whoſe axles are 


perpendicular to one another. Thus the direction AB is chang- 
ed 8 0 direction EF; by the wheel C, working in the crown 


1 60. 


161. 


162. 


4. The direction may be changed, by making the lanthorn 163. 


B, inclined in any given angle, to be moved by te coggs of the 
| Y + - wheel 


263 
. The lever 4B, may alto be moved thus, by help of ar 1 | 


— 5 0 # b ae Rr ee tom . * 
1. * os i - 2 » & 4. * 2 ” 9 
r 


* q 
$5 


16. 
F 1 G. wheel 4: Here the rungs at F, where they work, 8 
163. allel to the plane of the wheel A, or perpendicular to the cogps. 


| 164 The ſame t 


168. 
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CHANGE OF DT RECTION. 


ing may be done by wheels with teeth, as C. D. 
MOREY CO ee 1 0 eee muſt de in one 


. plane. | 


PR 0 P. CxXIII. 
To regulate any motion, or to make it 2 


1. Any motion is made uniform, by the help of a e 
AB, ſuſpended at A, and vi As the pendulum vibrates, 
it cauſes CDE to vibrate alſo, about the axis DE. The | 
I carries the wheel R, and R moves LF. Now whilſt the pen- 
dulum vibrates towards M, a tooth of the wheel GF off 
_ lat I, and another catches the pallat H; and when the 

ulum returns towards N, it draws the lat Hoff the _ 
— another catches the pallat J; and ſo on alternately. | 
that at every vibration of the pendulum, a tooth goes off — 
or other of the pallats. 

2. A uniform motion is effected by the pendulum CP, — 
ing in the arch MM about the center of motion C. As the pen- 
dulum vibrates, it cauſes the piece ADE to vibrate along with it 
about the axis of motion DE. By this motion the leaf a catches 
hold of a tooth of the horizontal wheel G, in its going; and 
the leaf & of another tooth, in returning. A wheel with a 
weight is applied to the pinion L, to keep the pendulum going. 

A pendulum may alſo be applied thus for the ſame pur- 
pole. FG is a thick wheel, or rather a double wheel, whoſe 
axis is parallel to the horizon. 1 a pendulum vibrating u 
the axis DE, which is parallel to the planes of the wheel 
FG; anb two wings perpendicular to DE, and to nP; 1, 1, 1 
pins in the rim G; and 2, 2, 2 pins in the rim F. Theſe pins 
are in the planes of the wheel ; but not rpendicular to the cir- 
cumference, but inclined in an angle of about 45 degrees, and 
the pins in one end are againſt the ſpaces in the other; ab is par- 
allel to the axis of the wheel FG, but neither in the ſame hori- 


_ zontal or perpendicular plane; but almoſt the radius of the 


wheel below, and ſomething more forward. Whilft the pendu- 
lum P vibrates in the arch MN, about the axis DE, the wing a 
catches hold of a tooth in the end F; and when it returns, the 
wing & catches hold of a tooth in the end G. Thus the pins act- 


ing 


Sec. XI. REGULATING or MOTION. it; 


ing alternately againſt the wings a, 5, keep the 
ing, oy TRIS of the weight 7e, ien 1 67 : 

4. y motion is continued by applying th : 
wheel ABC, to the machine: or the Fn "A 5 londed eil 5 ; 
two equal weights at D and E. Or a cylinder of ſome heavy mw 
matter = be applied; being made to revolve about its axis. 
By theſe the force of the power, which would be loſt, is kept 
in the wheel, and is equally diſtributed in all parts of the revo- 
lution, Such a wheel is of great uſe in ſuch machines as act 
with unequal force at different times, or in different parts of a 
revolution. For by its weight it conſtantly goes on at the ſame 
rate, and makes the motion uniform, and every where equal. 
By reaſon of its weight a little variation of force will not ſenſi- 
bly alter its motion: and its friction, and the reſiſtance of the 
air will hinder it from accelerating. If the machine ſlackens 
its motion, it will help it forward; if it tends to move too faſt 
it wo _— bac ES: ; 

very ſuch regulating wheel ought to be fixed upon that axi 

where the motion is ſwifteſt. ad ought to be Wee the 
flower it is defigned to move; and the lighter, the ſwifter the 
motion is. And in all caſes the center of motion muſt be in 
the center of gravity of the wheel. And the axis may be placed 
parallel ro the horizon, as well as perpendicular to it. | 

If the machine be large, and the axis of the heavy wheel be 
perpendicular to the horizon ; the heavy wheel may be made 
to roll on the ground, round that axis; by putting the wheel 
upon another axis fixed in the former at right angles to it; and 
thus the weight is taken off the firſt axis. And two ſuch wheels 
may be applied on oppoſite ſides. [RN 24 

5. Any ſwift motion may be moderated by a fly AB, move- 
able about the axis CD. This is made of thin metal ; at s is a mw 
ſpring to keep the axis and fly pretty ſtiff together. This bri- 
dles the rapidity of the motion of the machine, to which it is 
applied, by reaſon of its great reſiſtance in the air; and there- 
fore it hinders the motion from accelerating beyond a certain 
degree. This ſort of fly is uſed in clocks, and is alſo uſeful in 
any motion that requires to ſtop, or move a contrary way. 

None of theſe regulating wheels or flies, add any new power 
to the machine; but rather retard the motion by their friction 
and reſiſtance, | - 
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\TYING KNOTS. 


PRO P. xv. 
| Te aeſe ribe ſeveral forts, Y . | 


As ropes are made uſe of i in ſeveral forts of machines. and 
eſpecially aboard of ſhips ; it is proper for a mechanic to know 
how to tye them together. Therefore I ſhall here deſcribe ſeve- 
ral ſorts of knots ;: nat ſo much to teach how to tye them, as to 
ſhew the form they, appear in, when. they are. tyed. For the 
method of tying them is beſt learned from thoſe that can pa 
them already. _ 

1. A,thumb, knot. This is the. ſimpleſt of all; and is uſed to 


tye at the end. of a rope, to hinder its opening out. Alſo it is 


uſed by tay lors at the end of their thread. 
2. A loop knot. This is uſed to join pieces of ropes together. 
3. A draw knot, is the ſame as the laſt; only one (or both) 
of the ends returns the ſame way back, as ake de. By pulling 
at a the part cd comes through, and the knot i is | 

4. A ring knot. This ſerves alſo to join pieces of rope ragethet, 

5. . knet for tying ropes together. This is made uſe 
of when. any rope is often to be looſed. 

6. A running knot, to draw any thing cloſe. By. pulling at 
the end a, the rope is drawn through the loop 4, and the part 
cd is drawn cloſe about a beam, &c. 

7. Another knot, to tye any thing to a poſt. Here the end 
may be put through as oft as you will. 

8. A very ſmall knot. There is a thumb, knot 5 7 at the 
end of each piece; and the end of the other is to go through it. 
Thus the rope ac runs through the loop d, and id through c. 


And then drawn cloſe by pulling at a and 5 : if the endge, F be 


drawn, the knot will be looſed again. 
i A fiſher” s knot, or water knot. This is the ſame as the 4th, 
the ends are to be put twice through the ring, which in 
that was but once ; and then drawn cloſe. 
10. A maſhing knot for nets ; ; and 1s to be drawn cloſe. 
11. Abarber's knot, or a knot for cawls of Wigs. This muſt 
be drawn cloſe. 


12. A bowline not. When this is drawn cloſe, it makes a 
loop that will not ſlip, as fig. R. This ſerves to hitch over 


any thing. 
13. A wale knot is made with the three ſtrands of a rope, 


ſo that it cannot flip. When the rope is put through a _ 
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F1G. In am compounded machine, if the power and mah keep the na- 
cbine and all its parts, in equi librio; then the power is to the 
weight, in the compound ratio of the power to the weight in AY 39 


Simple machine, of which the whole is compoſed. 


mechanic powers; and in the firſt let the power be to the weight 


as Ato B, Then qr. I the weight B in the firſt, as the 


power in the ſecond, to which it is equal (by Ax. 3.) let that 


power in the lecond machine, be to the weight as B to Cl 
Then ex æquo, the firſt power A is to the ſecon weight C; in 
the compound ratio of A to B and B to C. In like manner, i 


the weight in the ſecond be taken for the power in the third, 
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and this power be to the weight as C to D; then the firſt power 


A is to the laſt weight D, in the compound ratio of A to B, B ; 3 


to C, and Cto D; and ſo on through the whole. 


Cor. In any machine compoſed of wheels, the power is to the 
weight in the compound ratio of the diameter of the axle where the © 
weight ts applied, to the diameter of that where the power is ap- 
plied; and the number of teeth in the pinion of each axis, beginning 


at the power, to the number of teeth in each wheel they work in, nel 1 


come at the weight. 
Or, inſtead of the teeth, you may take their diameters. 
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p R OP. cxvl. 


If the poꝛver and weight be in equilibrio on any machine, if they 
bie put in motion, the velocity of the weight will be to that of the 
power, as the power is to the weight. LO. EI 


For ſince they are in equilibrio, one of them cannot of it- 
ſelf move the other; therefore if they be put into motion, the 
momentum or quantity of motion of the weight will be equal 
to that of the power; and therefore their velocities will be re- 
ciprocally as their quantities. 


Cor. 1. Hence it follows, that if any weight is moved by help of 
a machine, what is gained in power is loſt. in time. | | 
For in whatever proportion the power is leſs than the weight, 
in the ſame proportion will the weight be ſlower than the power. 


Cor. 2. Hence the motion of the weight is not at all increaſed by 
any engine, or mechanical inſtrument, only the velocity of the weight 
is ſo much diminiſhed thereby, that the quantity of motion of the 
weight may not exceed the quaniily of motion of the power; and 
therefore it is a vain fancy for any one to think that he can move a 
great weight with a little power, and with the ſame velocity as with 
a greater power. | 

For the advantage gained by the power is loſt by the velo- 
city. If any power is able to raiſe a pound with a given velo- 
city, it is impoſſible by the help of any machine whatever, that 
the ſame power can raiſe two pounds with the ſame velocity; 
yet it may, by help of a machine, be made to raiſe two pounds 
with half that velocity, or even 1000 pounds with the thouſandth 
part of the velocity. But till there is no greater quantity of 
motion produced when 1000 pounds weight is moved than 
when 1 pound; the 1000 pounds being proportionally ſlower. 
The power and uſe of machines conſiſts only in this, that by 
their means the velocity of the weight may be diminiſhed at 
pleaſure, ſo that a given weight may be moved with a given 
power, or that with a given force any given reſiſtance may be 
overcome ; mechanic inſtruments being only the means where- 
by one body communicates motion to another, and not de- 
ſigned to produce a motion that had no exiſtence before. 


5 Cor. 
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14 6. Cor. 3. Hence alſo it is plain, that a given power or quantity 
of force applied to move a beavy body by help of a machine, can 
produce no greater quantity of motion in that body than if that 
force was immedialely applied to the body itſelf ; nor not quite /o 

- much, by reaſon of the. friction and reſiſtance of the engine; and if 
the power be given, you may chooſe whether you will move a greater 
, tweight with a leſs velocity, or a leſs weight with a greater velo- 
cily ; but to do both is utterly repugnant to the eternal laws of 


PROP. CXVIIL 


182. If any machine CD is to be moved by the belp of levers, wheels, 

Sc. and if the power that moves it atts intirely within the 

machine, and exerts its force againſt ſome external object B, then 

the force applied within, io move the machine, will be juſt the 

ſame as if the machine was at reſt, and the object B was to be 
moved; ſuppoſing B to be as eaſily moved as the machine. 


For ſuppoſe firſt the lever AFB to be fixed, and to make a 
part of the machine, and let the external force acting at B, 
which is capable to move the machine, be x. Now, ſuppoſe 
the lever AFB moveable about F, and a force applied at A 
ſo great as to act at B, with the force 1; then the action 
and re- action at B being the ſame as before, it is plain the ma- 
chine will be moved as before; but the force now acting at 4 

BF 


is Zy X , Juſt the ſame as if the point F vas fixed and B was 


to be moved; and if more levers, or any number of wheels be 
added, the thing will till be the ſame. 


Orberwiſe ; 


Let the abſolute force to move the machine be 1, and the 
force acting at A be /, and let us firſt conſider it as acting out 
of the machine; then B being fixed, is the fulcrum, therefore 


the force acting at F is T5 XA; now if the acting force be 


conſidered in the machine, it will not be urged forward with 
all this force, for the re- action will be equal to /, the power 57 


T WY » bh. &. 
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A ; therefore the abſolute" force the machine is moved with, r 1 C. 
is 23 -N or g N, that is 5 x, bur this is == 182- 


1, therefore f= N 


Cor. 1. Hence if the abſolute external force, to move any body or 
machine be given, and the. machine is to be moved by an internal 


power, that power may be found, by ſuppoſing the machine at reſt, 


and the external objec? B; was to be removed, and to require the ſame 
ab/olute force to move i. Lots xt 75 I 


For it is the ſame thing, as to the power, whether the ma- | 


chine, or the external object be moved, whilſt the other is at reſt, 


Cor. 2. Tf the power ating within the machine be not commu- 
nicated to ſome external object, it will have no force at all to move 
the machine ; and any force that both begins and ends within it, 
does nothing at all to move it. YET 

For the power acting only againſt ſome part of the machine, 
will be deſtroyed by the contrary and equal re- action; and the 
body being acted on by theſe equal and contrary forces, will 
not be moved at all. Thus if a man, ſitting in the head of a 
boat, pull the ſtern towards him, by a rope, the boat will not 
be moved at all out of its place by that force. | 


PROP. CXVIII. 


To determine the friction, and other irregularities in mechanical 
engines. 89 


The propoſitions hitherto laid down, ſuppoſe all bodies per- 


fectly ſmooth, that they ſlide over one another without any fric- 
tion, and move freely without any reſiſtance ; but ſince there 
is no ſuch thing as perfect ſmoothneſs in bodies, therefore in 
rubbing againſt one another, they meet with more or leſs friction, 
according to their roughneſs; and in moving in any medium, 
will be reſiſted according to the denſity of the medium. Even 
ropes going over pullies cannot be bended without ſome force. 
Among machines, ſome have a great deal more friction than 
others, and ſome very little. Thus a pendulum has little or 
no friction, but what ariſes from the reſiſtance of the air; but 
2 2 a carriage 
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178 , F RLGTION or ENGINES. 
11 C. a carriage has a great deal of friction; fon upon pl lain ground 
dr wi. cart requires the ſtrength of ſeveral horſes to - it 
along, and all or moſt of this force is owing to its friction. 
All compounded machines have a great deal of friction, and 
ſo much the more as they conſiſt of more parts, that rub againſt 
one another. And there is great variety in ſeveral ſorts of bo- 
dies, as to the quantity of friction they have, and even in the 
ſame bodies under different circumſtances; upon which account 
it will be impoſſible to give any ſtanding rules, by which its 
quantity can be exactly determined. All we can do is to lay 
down ſuch particular rules, as have been deduced from experi. 
ments made upon particular bodies, which rules will require 
ſome variation under different circumſtances, according to the 
judgment and experience of the artiſt. 
1. Wood and all metals when oiled or greaſed have nearly 
the ſame friction, and the ſmoother they are, the leſs friction 
they have; yet metals may be ſo far poliſhed as to increaſe 
friction, by the coheſion of their parts. | = 
Mood ſlides eafter upon the ground in wet weather than in 
dry, and cafier than iron in dry weather; but iron flides 
eaſter than wood in wet weather. Lead makes a great deal of 
reſiſtance. Iron or ſteel running in braſs, makes the leaſt fric- 
tion of any. In wood acting againſt wood, greaſe makes the 
motion twice as caſy, or rather 2 eaſier. Wheel-naves greaſed 
or tarred, go 4 times eaſter than when wet. 

Metals oiled make the friction leſs than when poliſhed, and 
twice as little as when unpoliſhed. 

In general, the ſofter or rougher the bodies, the greater is 
their friction, | 

2. As to particular caſes: a cubic piece of ſoft wood of eight 
pound weight, moving upon a ſmooth plane of ſoft wood, at 
the rate of three feet per ſecond; its friction is about + the 
weight of it, but if it be rough, the friction is little leſs than 
half the weight. | | | 

Upon the ſame ſuppoſition, other ſoft wood upon ſoft wood 
very ſmooth, the friction is about + the weight. 

Soft wood upon hard, or hard upon ſoft, or the weight. 

Hard wood upon hard wood, + or + the weight. 

Poliſhed ſteel moving on ſtecl or pewter, & the weight; 
moving on copper or lead, = the weight; on braſs + the weight. 
Metals of the ſame ſort have more friction than different ſorts. 

The friction, ceteris paribus, increaſes with the weight, al- 
moſt in the ſame proportion. The friction is alſo greater with 
a greater velocity, but not in proportion to it, except in wy 

— 
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few caſes. A greater ſurface alſo cauſes ſomewhat more fric- 1 G. 
tion with the ſame weight. gpd, velocity; yet friction may s 
ſometimes be increaſed, by having too little ſurface to move 5 
on: as upon clay, Se. where the 5 dy ſinks. * 1 C9343 . 
3. The friction ariſing from the . of ropes about ma- 
chines, differs according to their ſtiffneſs, the temper of the 
weather, degree of flexibility, c. but cæleris paribus, the force 
or difficulty of bending a rope is as the ſquare of the diameter 
of the rope, and its tenſion, directly, and the diameter of the 
cylinder or pulley it goes about, reciprocally. | 
A rope of 1 inch diameter, whoſe tenſion, or weight draw- 
ing it, 18.51b. going over a pulley 3 inches diameter, requires 
a force of Ilb. to bend it. ; 
4. The reſiſtance of a plane moving through a fluid, is as 
the ſquare of the velocity; and (putting v == velocity in feet, in 
a fecond,) it. is equal to the weight of a column of the fluid, 
whoſe baſe is the plane, and height ! and in a globe it is 
but half as much. | MT 
5. The friction of a fluid running through a tube is as the 
velocity and diameter of the tube. | 
But the friction is greater in reſpect to the quantity of the 
fluid, in ſmall tubes than in large ones, and that reciprocally 
as their diameters ; but the abſolute quantity of the friction in 
tubes is but very ſmall, except the velocity be very great and 
the tube very long. inf | 
But if a pipe be divided into ſeveral leſſer ones, whoſe num- 
ber is u, the reſiſtance ariſing from the friction will be increaſed 
aSyn; for the area of the ſection of any one pipe will be 


* 


— , and the friction, being as the circumference, will be as 
>; 3 and therefore the friction of them all will be ——, 
or as Vn. 


6. As to the mechanic powers, the ſingle lever makes no 
reſiſtance by friction; but if by the motion of the lever in 
ufting, the fulcrum or place of ſupport be changed further 
from the weight, the power will be decreaſed thereby. 

7. In any wheel of a machine, running upon an axis, the 
friction on the axis is as the weight upon it, the diameter of 


2 5 and the angular velocity. This ſort of friction is but 
mall. 


8. In 


= this "FRICTION 6 (ENGINES. | 


710. 8. In the pulley, if Pq be two weights, and 9 the greater, 
and if W —= AL, then is the weight upon the axis of the 
ſingle pulley ; and it is not inereaſed by the acceleration of 

the weight 9, but remains always the ſame. _ FSR: 240 
| The friction of the pulley is very conſiderable when the 
| ſheaves rub againſt the blocks, and by the wearing of the holes 


and axles. "3 a £7 | 

The friction on the axis of the pulley is as the weight N, 
its angular velocity, the diameter of the axis directly, and the 
diameter of the pulley inverſely. A power of 1001b; with the 
addition of golb. will but draw up goolb. with a tackle of 5. 

And 15 lb. over a ſingle pulley will draw up only 14 lb. 

9. In the ſcrew, there is a great deal of friction. Thoſe 
with ſharp threads have more friction than thoſe with ſquare 
threads, and endleſs ſcrews have more than either. Screws 
with a ſquare thread raiſe a weight with more eaſe than thoſe 
with a ſharp thread. e | 

In the common ſcrew the friction is ſo great, that it will ſuſ. 
tain the weight in any poſition given, when the power is taken 
off; and therefore the friction is at leaſt equal to the power; 
from whence it will follow, that in the ſcrew, 

The power muſt be to the weight or reſiſtance, at leaſt as 

twice the perpendicular height of a thread, to the circumference 
deſcribed by one revolution of 'the power, if it be able to 
raiſe the weight, or only ſuſtain it. This friction of the ſcrew 
is of great uſe, as it ſerves to keep the weight in any given 
poſition. | N 

10. In the wedge, the friction is at leaſt equal to the power, 
as . retains any poſition it is driven into; therefore in the 
wedge, k | | 

The power muſt be to the weight, at leaſt as twice the baſe 
to the height, to overcome any reſiſtance. $3 

11. To find the friction of any engine, begin at the power, 
and conſider the velocity and the weight at the firſt rubbing 
part, and eſtimate its quantity of friction, by ſome of the fore- 
going articles; then proceed to the next rubbing part, and 
do the ſame for it; and ſo on through the whole. 

And note, ſomething more is to be allowed for increaſe of 
friction, by every new addition to the power. 


Cor. Hence will appear the difficulty or rather impeſſibility of a 
perpelual motion, or ſuch a motion as is to continue the ſame for- 
: ever, 


> & . = © ©, ct 
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ever, or at leaſt as long as the materials will laſt, that compoſe the x 1 6. 


: 


moving machine. SE, | | 
For ſuch a motion as this ought continually to return undi- 


miniſhed, notwithſtanding any reſiſtance it meets with, which 


is impoſſible. For although any body once put into motion, 
and moving freely without any reſiſtance, or any external re- 
tarding force acting upon it, would for ever retain that motion; 
yet in fact we are certain, that no body or machine can move 
at all, without ſome degree of friction and reſiſtance. And 
therefore it muſt follow, that from the reſiſtance of the medium, 
and the friction of the parts of the machine upon one another, 
its motion will gradually decay, till at laſt all the motion is de- 
ſtroyed, and the machine is at reſt. Nor can this be otherwiſe, 
except ſome new active force, equal to all its refiſtance, adds a 
new motion to it; but that cannot be from the body or ma- 
chine itſelf, for then the body would move itſelf, or be the 
cauſe of its own motion, which is abſurd. ; 


PROP. CXIX. 


To contrive a proper machine that ſhall move a given weight with a 
given power ; or with a given quanlily of force, ſhall overcome 
any other given reſijtauces 


If the given power is not able to overcome the given reſiſt- 
ance, when directly applied, that is, when the power applied is 
leſs than the weight or reſiſtance given, then the thing is to be 
performed by the help of a machine made with evers, wheels, 
pullies, ſcrews, &c. ſo adjuſted, that when the weight and power 
are put in motion on the machine, the velocity of the power 
may be at leaſt ſo much greater than that of the weight, as the 
weight and friction of the machine taken together, is greater 
than the power. For on this principle depends the mechaniſm 
or contrivance of. mechanical engines, uſed to draw or raiſe 
heavy bodies, or overcome any other force. The whole defign 
of theſe being to give ſuch a velocity to the power in reſpect of 
the weight, as that the momentum of the power may exceed 
the momentum of the weight. For if machines are ſo contriv- 
ed, that the velocities of the agent and reſiſtant. are recipro- 
cally as their forces, the agent will juſt ſuſtain the reſiſtant; 
but with a greater degree of velocity will overcome it. So 1 
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I G. the exceſs of velocity in the power is ſo great, as to overcome 


all that reſiſtance which commonly ariſes from the friction or 


Attrition of contiguous bodies, as they ſlide by one another, or | 


from the coheſion of bodies that are to be ſeparated, or from 
the weights of bodies to be raiſed; the exceſs of the force re. 
maining, after all theſe reſiſtances are overcome, will produce 
an acceleration of motion proportional thereto, as well in the 
parts of the machine, as in the reſiſting body. Now how a 
machine may be contrived to perform this to the beſt adyan. 
tage, will appear from the following rule. 
1. Having aſſigned the proportion of your power and the 
weight to be raiſed ; the next thing is to conſider how to com. 
bine levers, wheels, pullies, Sc. ſo that working together 
may be able to give a velocity to the power, which, ſhall be to 
that of the weight ſomething greater than in the proportion of 
the weight to the power; this done, you mult eſtimate your 
quantity of friction, by the laſt Prop. and if the velocity of the 
power be to that of the weight, ſtill in a greater proportion 
than the weight and friction taken together 1s to the power; 
then your machine will be able to raiſe the weight. And note, 
this proportion muſt. be ſo much greater, as you would have 
your engine work faſter. 5 | 5 
2. But the proportion of the velocity of the power and weight, 
1 * » . > . 2 
muſt not be made too great neither; for it is a fault to git 
a machine too much power, as well as too little. For if the 
power can raiſe the weight, and overcome the reſiſtance, and 
the engine perform its proper effect in a convenient time, and 
works well, it is ſufficient for the end propoſed. And it 
is in vain to make more additions to the engine, to increaſe the 
power any further, for that would not only be a needleſs ex- 
pence, but the engine would loſe time in working. + 
As to the power applied to work the engine, it may be 
either a living power, as men, horſes, Sc. or an artificial power, 
as a ſpring, Sc. or a natural power, as wind, water, fire, 
weights, Sc. 1 
When the quantity of the power is known, it matters not 
as to the effect, what kind of power it is; for the fame quan- 
tity of any ſort will produce the fame effect. And different 
ſorts of powers may be applied in an equal quantity, a great 
variety of ways. | 
The moſt eaſy power applied to a machine is weight, if it be 
capable of effecting the thing defigned ; if not, then wind, 
water, Sc. if that can conveniently be had, and without much 


expence. yy +6 
1235 A ſpring 
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A ſpring is alſo a conyenient moving power for ſeveral ma- x 1 G. 


chines; but it never acts equally as a weight does; but is ſtronger 
when much bent, than when but a little bent, and that in pro- 

rtion to the degree of bending, or the diſtance it is forced to. 
Bur ſprings grow weaker by often bending, or remaining long 
bent ; yet they recover part ſtre by lying unbent. ty 

The natural powers, wind water, may be applied with 
vaſt advantage to the working of great engines, when m 
with {kill and judgment. The due application of theſe has much 
abridged the labours of men; for there is ſcarce any labour to 
be performed, but an ingenious artificer can tell how to apply 
theſe powers to execute his deſign, and anſwer his purpoſe. 
For any conſtant motion being given, it may, by a due _ 
cation, be made to produce any other motions we defire. 
Therefore theſe powers are the the moſt eaſy and uſeful, and of the 
greateſt benefit to mankind, Beſides, they coſt nothing, nor 
require any repetition or renewing, like a weight or a ſpring, 
which require to be wound up. en theſe cannot be had, or 
cannot ſerve our end; we have recourſe to ſome living power, 
as men, horſes, Sc. | „„ 05s. Il 

4. Men may apply their ſtrength ſeveral ways, in working a 
machine. A man of ordinary ſtrength turning a roller by the 
handle, can act for a whole dayagainſt a reſiſtance equal to golb. 
weight; and if he works 10 hours in a day, he will raiſe a 
weight of 3olb. 34 feet in a ſecond; or if the weight be 
greater, he will raiſe it ſo much leſs in proportion. But a 
man may act, for a ſmall time, againſt a reſiſtance of ;olb. or 
more. | 

If two men work at a windlaſs, or roller, they can more eafily 
draw up 7olb. than one man can 3olb. provided the elbow of 
one of the handles, be at right angles to that of the other. And 
with a fly, or heavy wheel applied to it; a man. may do + part 
more work; and for a little while act with a force, or over- 
come a continual reſiſtance of 8qlb. and work a whole day when 
the reſiſtance is but zolb. Les | 

Men uſed to carrying, ſuch as porters, will carry, ſome 1 ;olb. 
others 200 or 250l1b, according to their ſtrength. | 

A man can draw but about 70 or 8dlb. horizontally ; for he 
can but apply about half his weight. 

If the weight of a man be 140lb. he can act with no greater 
2 8 thruſting horizontally, at the height of his ſhoulders, 
an 271b, | . : | 
As to horſes, a horſe is, rally ſpeaking, as ſtrong as 
men. A horſe will carry . — mT e 
| Aa A horſe 
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A horſe draws to greateſt advantage, when the line of direc. 
tion is a little elevated above che horizon, and the power act: 
againſt his breaſt. And can draw 200lb. for eight hours in a 
day at 2£miles an hour. If he draw 24olb. he can work but 
fix hours, and not go quite ſo faſt. And in both caſes, if he 
carries ſome weight, he will draw better than if he carved 
none. And this is the weight a horſe is fuppoſed to be able to 
draw over a pulley out of a well. ins hmm 
rooolb. 

The moſt force a horſe can exert is, when he draws ſome. 
thing above a horizontal poſition. 

The worſt way of applying the ſtrength of a horſe, is to make 
him carry or draw up hill. And three men in a ſteep hill, car 
rying each 1oolb. will climb up faſter than a horſe 8 95 — 

Though a horſe may draw in a round walk of 18 feet 
ter; r leſs than 25 or 30 feet du- 
meter. 


5. Every machine ought to be made of _— and 
thoſe as ſimple as poſſible, to anſwer its parpoſe ; not only | 
becauſe the expence of making and repairing will be leſs; but 
it will alſo be lefs liable to any diforder. And is needleſs 60 
do a thing with many, which may be done with fewer parts 

6. If a weight is to be raiſed e 
is the moſt ſimple, eaſy, and ready machine. O ＋ 
be very great, 7 firew is ateſd . — 
weight is. to be raiſed a great way, the wheel and axle is a proper 
power, and blocks and pullies are eaſier ſtill; and the ſame my 
be done by help of the perpetual ſcrew. 

Great wheels to be wrought by men or cattle, are of moſt uſe 
and convenience, when their axles are ndicular to the hori- 
Zon ; but if by water, Sc. then tis to. have their axles 
horizontal. 


- As to the combination of fimple machines together, to 

a compound one. Though the lever when ſimple, can- 
not raiſe a weight to any great height; and in this caſe is of 
little ſervice ; yet it is of great uſe when compounded with 
others. Thus the fpokes of a great wheel are all levers perpe- 
tually acting. And a beam fixed to the axis to draw the wheel 
about by men or horſes, is a lever. The lever alſo may be com- 
bined with the ſcrew, but not conveniently with pulſies or with 
the you The wheel and axle is combined with great advan- 
tage with pullies. The ſcrew is not well combined with pullies; 
but the perpetual ſcrew combined with the wheel, is very ſer- 


viceable. The wedge cannot be combined with any other me- 


JJ 9 OL ng ro 


but this force of percuſſion may be increaſed by engines. 

Pullies may combined with pullies, and Wheels with 
wheels. Therefore if any fingle wheel would be too | and 
take up too much room; it may be divided into two or or 
more wheels and trundles, or wheels and pinions, as in clock. 
work ; ſo as to have the ſame power, and perform the ſame 


In wheels with teeth, the number of tecth that play together 


in two wheels, ought to be prime to each other, that the ſame 


teeth may not meet at every revolution. For when different 


teeth meet, they by degrees wear themſelves into a proper figure. 
Therefore they ſhould be contrived, that the ſame teeth meet 
as ſeldom as poſſible. _ 


8. The ſtrength of every part of the machine ought to be | 


made proportional to the ſtreſs it is to bear. And therefore let 
every lever be made ſo much ſtronger, as its length and the 
weight it is to ſupport is er. And let its ſtrength diminiſh 
de ene from the fulcrum, or —— where the greateſt 

reſs is, to each end, The axles of wheels and pullies muſt be 
ſo much ſtronger, as they are to bear greater weight, The teeth 
of wheels, and. the wheels themſelves, which act with greater 
force, muſt be proportionally ſtronger. And in any combina. 
tion of wheels and axles, make their ſtrength diminiſh gradually 
from the weight to the power, ſo that the ſtrength of every 
part be reciprocally as the velocity it has. The ſtrength of ropes 
muſt be according to. their tenſion, and that is as the ſquares of 


their diameters, (ſee the end of Sect. VIII.). And in general 


whatever parts a machine is compoſed of, the ſtrength of every 
particular part of jt muſt be adjuſted to the ſtreſs upon it, ac- 
cording to Sect. VIII. Therefore in ſquare beams the cubes 
of the diameters muſt be made proportional to the ſtreſs they 
bear. And let no part be ſtronger or bigger than is neceſſary for 
the ſtreſs upon it: not only for the caſe and well- going of the 
machine, but for the diminiſhing the friction. For all ſuperflu- 


ous matter in any part of it, is nothing but a dead weight upon 


the machine, and ſerves for nothing, but to clog its motion. 
And he is by no means. a perfect mechanic, that does not only 
adjuſt the ſtrength to the ſtreſs; but alſo contrive all the parts 


to laſt equally well, that the whole machine may fail together 


9. To avoid friction as much as poſſible, the machine ought 
not to have any unneceſſary motions, or uſeleſs parts; for a 
multiplicity of parts, by their weight and motion, increaſe the 
friction. The — of the wheels and pullies ought to be 

ä - Aa 2 large, 
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e they kun on, 
as ſmall as can be conſiſtent with their ſtrength. All ropes 


and cords muſt be as pliable as poſſible, and for that end are 
rubbed with tar or greaſe; the teeth of wheels muſt'be made to 
fit and fill up the opens; and cut in the form of epicycloids. 
All the axles, where the motion is, and all teeth, e they 
work, and all that in rub upon one another, 
muſt be made ſmooth : and wh e machine, goes, muſt be 
oiled or greaſed. If a Joint is to 80 Pretty ſtiff and ſteady, rub 
a little greaſe u 1 it. "TR: 

The axis à of a wheel, may Kaye its friction diminiſtie.” * 
cauſing it to run on two rollers, B, C. turnitig round with i, 
upon two center s. 

Likewiſe inſtead of the teeth of wheels, one may Digg lttl 
wheels as A, B, running upon an axis in its center. And this 
will take away almoſt all the friction of the teeth. And in lan- 
terns or trundles, the rounds may be rer to turn about, in- 
ſtead of being fixed. 

In all machines with wheels, the axes or ſpindles üg not 
to ſhake, which they will do, if they be too ſhort. And their 
ends ought juſt to fill their holes. | 

When the teeth of a wheel are much worn away, it Mile 
that wheel move irregularly about, increaſes the friction, and 
requires more force; and may cauſe the teeth of two wheels to 
run foul upon one another, and ſtop their motion, and endan- 
ger breaking the teeth. To prevent this, proper care ſhould be 
taken to dreſs the teeth, and keep them to their proper figure. 

10. When any motion is to be long continued; contrive 
the power to move or act always one way, if it can be done. 
For this is better and eaſier performed than when the motion is 
interrupted, and the power is forced to move firſt one way, and 


then another. Becauſe every new change of motion requires a 
new additional force to effect it. Befſdes 


by turns, with ſudden jerks, tends only to ſhake the machine 
to pieces. 


x1. In a machine that moves always one way, endeavour to 


have the motion uniform. Some methods of doing this may 
be ſeen in Prop. CXIII. and if one uniform motion be required 


to produce a motion either uniform or accelerated, ſome light 


may be had from Prop. CXI. Likewiſe how to communicate 


motion, conſult Prop. CX. And to change the direction, ſee 
Prop. XII. | But 
12. | 


, a body in motion | 
cannot ſuddenly receive a contrary motion, without great vio- 
lence. And the moving any part of the machine contrary ways 


EC. 4 ts. Ads 


2 


PPP ˖ St i. © £8 


"$54 "Woe 


„ ·§˙» Wer SIS. 


| machine the weaker it is, 


Set, XII. "INVENTION er MK CHER Es I 


: {9 de 1 91 ae to a LAI" or ſuddenly: = 
0 prevent any or Molence to the engine, by a 10 4 


— let the-foree's 1 — N 


which may ſupply the place of a fp 
13. In regard to the ſize of cen bine: let it be made a8 
large as it can, convenientiy. 4 — iter the machine the 
exacter it will work, and perform its motions che better. 
For there will always be fome Eb in the making; a Wal'as 
in the materials; and conſequently in the working of the” pr a. 
chine. The reſiſtance of the medium in ſome machines has a 
ſenſible effect. But all theſe mechanical errors bear à leſs 2 
portion to the motion of che machine, in mgm than 
in little ones; being neatly Teciprocally as diameters; ſup- 
poſing they are made of the fame matter, had with the Tame. 
accuracy, and are equally well finiſhed.” Therefore in a ſmall 
machine they are more ſenſible; but iti à great one, almoſt 
vaniſh, Therefore reat —— —— | — better 5 
ſmaller; in all reſpects, except in ſtren the greater th 
and lef able to reſiſt any violence. 
14. For engines that' go by water, it is neceſſary to re 
the velocity and force of the water. To get the velocity, drop 
in pieces of ſticks, &c. and obſerve how far they are carried 
in a ſecond, or any given time. W 
But if it flow through a hole in a dg wir or ſtanding re- 
ceptacle of water, the velocity will be found from the depth 
of the hole below the ſurface ; by Cor. 2. Prop. XCVII. and 


its force by Cor. 1. Prop. CVII. 


Thus let ln feet, v velocity of the fluid per Tecond. 
B — the area of the hole. H height of the Water; all in 
feet. Then the velocity v==1/ 25H; and its force==the weight 


of the quantity —B or HB of water, or IHB hundred 


weight: becauſe a cubic foot is = 624lb. averd.. Alſo a 
— is about 87 feet, or 531lb. _ a ton is 1 Aar 


"When you have but a ſmall quantity of. W you Sabi 
contrive it to fall as high as you can, to have the greater 'velo- 
city, and conſequently more force upon the engine 

15. If water is to be conveyed through pipes to a great diſ- 
tance, and the deſcent be but ſmall; ſo much larger pipes muſt 
be uſed, becauſe the water will come ſlow. And theſe pipes 
ought not to be made ſtraiter in ſome places than others; _ 

tne 


har, 4nd ala as the depth from the ſpring For a lead 
e 


192. 


44424 tween: or ace for lend pipes will bugs 
gut at every ſtroke of the engine, and burſt 


$0 — wire-drawn, that is, ſqueezed through ſmaller pipes; 
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e bon bore at the ſtraiteſt 1 e 


pes of l directly from an engine, ſhould be 
of iron, with flanches at the ends to ſerew them 


t pipes next a 
e Pipes s ſhould not turn off at an angle, bu 


pes of elm will laſt 20 or 30 years in 

und. Bur. th raul be laid deep that the froſt 

. the water, mult be let out; otherwil, 
the frat will ſplic chem. 

The-thickne& of any pipe muſt be as the diameter of the 


inches bore, and 60 or 70 feet 9 ATED 

01 an inch. And in wooden pipes 2 inches 

A ee pipes faſter than 4 feet 
nd, by reaſon of the friction, on. Nor ſhould 


Tha, creates 8 getiinace, e neun 
pipes. 
„And in pump work, where vater is conveyed through | pe 
to higher-places, the bores of the pipes ſhould not be 
ards4 for. the ſtraiter they are near the t che le 
water will be diſcharged. Nor ſhould the pipe that the 
water into the pump be too ſtrait, for the ſame reaſon. The 
wider theſe are, the caßter the pump works. 


When pipes are wind-bound, chat is when air is 225 


4 that the water can hardly paſs; it muſt be diſ 
thus. Going from the ſpring till you come to the firſt r 
of the ground; dig it open till the pipe be laid bare, = 
with a nail driven into it, at the higheſt part, or rather little 
beyond, make a hole in the top, and all the air will blow 
out at the hole; then when the water comes, batter u - 
hole again. Do the ſame at every eminence, and all | 
will be dife If the water runs faſt through the yang 
the air will be ond the eminence; but ſtopping the water, 
the air will aſcend to the higheſt part. If PM driven in at 
firſt, along with the water, che nail hole muſt be left 
or a cock placed there to open occaſionally. Sometimes a mall 
leaden pipe isplaced over the other, communicating with it 1n 
ſeveral places, in which is a cock at top to open upon occaſion. 
16, When any work 1s to be pe ed by a water wheel 
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or laddle beards, the channel it moves in ought to be ſorne- Fd. 
thing wider than the hole of the adjutage, and fo cloſe to the 192. 
floats on every fide, as to let Hetle or no water pas; and when 

the wheel, to open a little that the water may ſpread. It 
is of no advantage to have a great number of floats or paddles, 
for thoſe paſt the perpendicular are reſiſted by che back water, 


and thoſe before it are ſtruck obliquely. The greateſt effect 


that ſuch a wheel can „ in — any motion, 
is when the paddles of the wheel move with I the velocity of 


the water; in which caſe, the force upon the paddles is + only; 
ſuppoſing the abſolute force of the water againſt the .paddles, 
when the wheel ſtands ſtill, to be x. So that the utmoſt mo- 
tion which the wheel can generate, is but r of that which the 
force of the water againſt the paddles, at reſt, would produce. 
This is when the wheel is at the beſt; but oftentimes far leſs 
is done. 5 8 | 

Machines to raiſe water, though well made, ſeldom loſe leſs ' 
than I the computed quantity of water to be raiſed. The beſt 
contrived engine is ſcarce + part better than the worſt contrived 
engine, when they are equally well executed. | 

A man with the beſt water engine cannot raiſe above one 
hogſhead of water in a minute, 10 feet high, to work all day. 

17. When a weight is to be raiſed with a given corporeal 30. 
power, by means of the wheel and axle, fo that the weight 
may receive the greateſt motion poſſible in a given time; the 
radius of the wheel and axle, and the weight to be raiſed, ought 
to be ſo adjuſted, that the radius of the axle (EF): may be 
to the radius of the wheel (AB) : : as + the power (P): to 
the weight to be raiſed (V): or, which _ to the ſame 
thing, the veloci ined by the power in deſcending, . muſt 
be 2 the 1 would be gained by gravity, in the 
ſame time. | | 

This only holds good, when the power is a heavy body, as 
well as the weight : but does not take place, when the power 
is ſome immaterial active force, ſuch as that of an elaſtic me- 
2 the ſtrength of a ſpring, Sc. whoſe weight is — | 

erable. | 1 

18. Theſe principles alſo are very uſeful, and neceſſary to be 
known, where water works are concerned. 

The preſſure of the atmoſphere upon a ſquare inch, is 14.7/5. 
averd, at a medium. | 


The height of a column of water, equal to the weight of 
the atmoſphere, is 1 14 yards. 
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The Deſcription of compound Machines or Engines, 
and the Method of computing their Powers or 
Forces ; with ſome Account of the Advantages 
and Diſadvantages of their Conſtruction. 


PRO p. CXX. 


To deſcribe ſeveral jorts of engines, and to compute their forees or 


There are two things required to make a good mechanic or 
engineer. The firſt is a good invention for contriving all the 
parts of a machine, to perform its motions and effects in the 
moſt ſimple and eaſy manner. The next is, to be able to com- 
pute the power or force of it; to know whether it can really 
. the effect expected from it or not. The foundation of 

h theſe has been already laid down in this book. What 
ſeems to be neceſſary farther, is to give ſome examples in prac- 
tice, by ſnewing the conſtruction of ſeveral mechanic engines, 
and computing their powers. As there is great ſkill and ſaga- 
city in contriving fit and proper ways to perform any motion; 
ſo this is principally to be attained by practice, and a thorough 
acquaintance with machines of ſeveral kinds ; I ſhall therefore 
give the mechanical conſtruction of ſeveral ſorts of machines, 
made for ſeveral different purpoſes, which will aſſiſt the reader's 
invention, and give him ſome idea how he may proceed in con- 
triving a machine for any end propoſed ; of which I ſhall only 
give a ſhort explanation of the principal parts, not troubling 
the reader with any deſcription of their minuter parts, nor how . 
they are 2 together, or ſtrengthened, Sc. It is ſufficient 
here to ſhew the diſpoſition and nature of the principal parts; 
the reſt belongs to carpenters, joiners, ſmiths, &c. and is eaſily 
underſtood by any one as Gt 

B b n - | 
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1. 


DESCEZITTION or 


To compute their powers. 


1. As to ſimple machines, they are eaſily accounted for, and 
their forces computed, by the properties of the mechanic powers. 
2. For compound machines ; ſuppoſe any machine divided 


into all the ſimple ones that compoſe it; then begin at the 


wer and call it 1 and, by the pr ies of the mechanic 
owers, find the force with which the firſt ſimple machine acts 
upon the ſecond, in numbers; then call this force 1, and find 
the force it acts upon the third, in numbers; and putti 
this force 1, find the force acting on the fourth, in numbers, 5 
ſo on to the laſt. Then multiply all theſe numbers together, 
the product will give the force of the machine, ſuppoſing the 
TT.. ͤ vv / | 
3. When pullies are concerned in the machine, all the parts 
of the ſame running rope, that go and return about ſeveral pul- 
lies, freely and without interruption, muſt be all numbered 
alike for the force; and if any rope act A 
it muſt be numbered with the ſum of all theſe it acts againſt. 
4. In a combination of wheels; take the product of the 
number of teeth in all the wheels that act upon and drive others, 
fax the power; and the product of the teeth in all the wheels 
moved by them, for the weight; or, inſtead of the teeth take 


Or ibus, 


When a machine is in motion, if you meaſure the velocity 
of the weight, and that of the power, in numbers, then the 
firſt number to the ſecond. gives the proportion of the power 


Otherwiſe thus, 
In wheel work, there are always two wheels fired upon one 


axis; or elſe one wheel, and a pinion, trundle, or barrel; which 


ſupplies the place of a wheel. Of theſe two, call that wheel 
the leader which is acted on by the power, or by ſome other 
wheel; and the other, on the fame axis, call the fo/borwer, which 
drives ſome other forward. Then, having either the number of 
teeth, or the diameter, of each, /ake the produtf# of ali the 
leaders for the weight, and the product! of all ibe followers fot 
the power. Here the leader receives the motion, and che fol- 
lower gives it. | 

5. And 


Set. XIII. ComPOUND/ENGINES. = 


| . And if the velotiry of the power or weight be requirad, v: 0. 
jt the prot of all the laders, for the elect of - the pewver,\ . 
7 velit of the vi jobs. 
Other things that are more complex a iſkcak, muſt be: 
e eee, . ac 0 
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ait adore fs tba! 10 (moms paid oil u 

Scifſars; pinchers, e. che referred to cht lever: of che . 
firſt End. ' A band/pike and crow arge ders of the firſt kind, 

Kneves' fixed: at one end, to cut wood bread; c, arc levem of ; 
the ſecond kind. The bn, in animals, alſo:tougs;'arclevers! 
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leave, ſlit, chop, picret, bons, Ga. a8 br e 
cleave, chop re, Sc. as ves, Ts 4 
and, ite, Se. may be redced w/the wolge. 1 


WE 4 5 1 


EIS 45 
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W E r 
lever, where the waght VOOR: to "ae e * B:: is 
as BC: to AC. D lie 


Er v. 


Likewiſe if two horſes draw the weight W in the iet 187. 
A r, B2, by help of the ſwingtrec AB; this may be nog 
0 7 and Gn ene 


Ex: VI. 


ACB is @ balance, where the brachia 10 el 188. 

the weights in the two ſcales D, E will be equal. The pro- 

perties of a good balance are: 1. That the rote of Gian. 

non of the ſeales, and de cmd motion of the. beam, beim 5 
ne right line. 2. That the brachia or arms be exactly of 

9 length from the centre of motion. 3. That they be as 

B b 2 long 


/ A 
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| - ing as goings 3 1. % N chere be as. little 
188. friction as poſſible in motion. g. centie 
of the beam be in, or but very 550 below, the centre of me. 
tion, 6. That they he in equilibrio when empty. rr 
Il one brachium AC be longer than the other b. then the 
_ weight in the ſcale E muſt be greater than that in D, to make 
NAI and. then you will have a deceitful 
which bei , or loaded with er 8 hts, ſhall re- 


WOES: uli e C: yy + weight: in 
perty” lever weights 
from one 85 the other 9 aging he for the 


n ere be no longer in equilibrio. W Lin bags 


A ee WRs: 555 Wan, tin ich ic 


Ex. vin! 


190. rde harr 45 — — fulvhuns wc 
the centre of motion; if the weight P placed at D reduces 

the beam AB to an equilibrium and there be taken the equal- 
diviſions D 1, 1 2, 2 3, 3 4; Cc. then the weight P placed 
ſucceſſively at 1, 2, 3 4, Oc. will equi-ponderate with weights 

as , nded at B, which are alſo as the numbers 1, 4 3. 

4. Sec. ly. re Goring if the diviſions D 1, 1 2,24 

(9c. be each a CB; then if P be ſucceſſively aced at 1, 3, 

3. Sc. the weight to balance it, will be reſpectively equal 

* „ 2P, 3P, Sc. that is to 1, 3, 3 pounds, Oc. if P 82 


50 F by the p 2 8 the lever c DD c 
, A CBxW; and CB: PD: : P: M, uni- 
verfally. Whence, if DP or Di = CB, then % P. If DP 
or D2 —2CB, then W — 27, &c. But if CB be greater than 
Dr, 1 2, &c. then will the conſtant weight P be greater | han 
my 3 —_— 
properties neovflidy er. a ſteelyard to hel are ale: 15 
hat che fixed weight P being placed at D, where the = 


. begin, ſhall make the beam in equilibrio. O30 
2. That the diviſions D 1, 1 2, 2 3, Sc. be equal to one 
another. 


That CH may be of any length, ided the weight P 
"ba hely adjuſted to it: 28 t 2 Dx ::P: 1 pound, 
if „. pounds; or CB: Dr: : P: x ſtone, if , be ſtones.” 

4. That the beam be ſtraight, and the upper edge in a "we 
with the centres C, B. 


9 5 . it move eaſily and ay on its centre c. 
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one fide is for arch 


and each fide is adjufl 9e the forego ing rules, and all 7" 

crooks at it (except the woes for the weight) | 
Wann SO ee, 
e n my ie 
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Lee dB 3 CE, FGare-levers bi 189. 
the points D, E, F. G. dy applying the hand ar C. the 
ſtone or weight. H the cheeſe. 

If CD==5, DE==2, FG==6; GH= 2, FR=1, FH=4, 
then in the lever CE, D is the fulcrum :. call the power at 
C, 1, then the force at E or Figs +; and in the lever FG, - 
whoſe fulcrum is G; if the power at F be 1, thee ee 
is 4, therefore the power at C, to the weight &, is as 1 to 
x Hor 33 alſo the weight of the ſtone at to che preſſur 
at H, as 2 to 5, or 1 to ; and the power at W 1s” 9 55 


preſſure at H, ry PE” 
+ A#4 $8 a A « Ex. NR. 75 


Let EG be a /pinning=wheel diameter of the rim EF==18; 191. 
diameter of the twillaꝰ z diameter of the whorle cd== 3 EA 
the band going about the twill ; Ee the band going about the 
whorle, therefore whilſt the rim makes 1 revolution, the twill 
makes , and the whorle and feathers 6, therefore there are 
3 revolutions of the twill, for 2 of the feathers n; and conſe- 
quently the difference of the revolutions, which Wt, is the 
quantity taken up by the twill, whilft the thread rn is twined 
by theſe 2 revolutions of the feathers; the greater the differ- 
ence of the revolutions of the twill and feathers, the more the 
wheel takes up; and the nearer an equality, the more ſne 
twines. If they make equal-revolutions in the fame time, ſhe 
will not take up at all; and if the feathers make no revolu- 


« 
>» 
13 


tions, ſhe will twine none. The greater the rtion of the 
rim, to the whorle _ "O the faſter _ ay do bathe” N 
Ex. x. | 


| 
A machine to raiſe a weight by the force of the N 
vater IH, carrying the wheel LK, by means of the floats F, 
Let the diameter of the wheel LK be 10; of GB, 23 of DC; 
115 


192 


192. # 


.fis AE. Let the payer. of the water agdinſt 
va po then the force at N ta move the wheel G, will be 


—— bor IN. By. * f 
the flvats 


the power at B be x, the force at 4 will he 
ar he fre of — apps, 0 en . b 


$ 


-8 Wt che the whedts = axles: and. wogbtiare, fo duſts, tha 


the velocity of the floats at F, is 4 the velocity of the water 
there, then the weight T will have: the — motion of af. 


dent poſſible. For if any-one thing be changed, whether the 


; weight, or the diameter of any wheel or axle; whilſt the reſt re- 
main the ſame, the motion nada vows qi Ry. il 


Eu XI. x | -C 3 I+ 


ln ahcwmarkine FB, which raiſes ts 5 * 1 « 
5 be wheel ECG, and the perpetual ſertw BE, let the cirewn- 
ference deſcribed by the power C be 30 inches, the diſtance of 
two threads of the perpetual ſerew B, be 1 inch, diameter of 
the wheel EG = 5 of D4 == 2 4; therefore if the powes 
at C be 1, the force acting at E to turn the wheat. e 
30, and if the power at E be 1, the force at D will be 24, 
therefore the power at C to the weight ; is as 1 to 30 * 24 


or i to 75, 


194. 


195. 


Note, it is the fame thing whether CB be ſtraight or crooked, 
whilſt-the diſtance BC, in a ſtraight line, is the ſame; _ 
meaſuring, FAY take Pore wine aber 


Ex. XII. 


10a mechine.cor nded of wheels in ind 8 widen bs 
AB = 5, diameter o the barrel MN 2 ; the number of tecth 
in the wheels and nuts, as follow: CD 10, CE—= 40, W 
12, H= 50, KI. I, ILA. Then the power applied to 
B, is to the weight ,, as, 1 C 101 to 5X 4026 50X641 
that i is, as 1440 to 640000, or as 1 to 444+- 


But if the power was at I, to move the wei r B., then 
the ratio will be inverted, for then the power will be to the 


force at B, as 444 to 1; or if the velocity of B Vas re- 
quired, you will Rave the velocity of to that of B, as I to 


444+ 
Ex. XIII. . 


A machine to raiſe a weight by > of the ings ABER; 


the windlaſs CC, and two pullies P, Q 2 


G AA 6 — EE, 


FEY 


PY i. a aw at 


- 1 nne a 


hk 3 od tx. 


power at D be 1, the force at H is 5, and if the force at H, 194. 
dtawn by one rope be 1, the forte at , drawn by two fepes 
will be 2, therefore the power at D, to the weight * is as 
1 to 9 10; if the leg AB be wanting, the other two 


If the weight A is to be lifted by the 3 pullies, C D, E of 196. 
which C is fixt, call the power at B, 1, then the force 
ſtretching AE is 1, and both together is equal to the force of 
DE—2, and force DA== 2; whence, force DC =, Hkewiſe 
force CA = 4, therefore the whole force acting at A is i +2 
+ 4 =7, and the power at B to the weight A, 48 1 to 7. 

Ex. XV. 
In this machine, ÞACD i # running rope fixt at D, B a fixt 197. 
pulley ; let the power at 5 pulling the rope 54 be 1, that 
on AC 1, and CD r, then wilt AB be 2, and BC 2, BE 4, 
and the weight  oppofing AC, BC and DC, will be r + 2 
+ 1 = 4 ; whence the power at 5 to the weight , is as 1 


wc 
Ex. XVI. 


Another machine with -pullies. A a fixt pulley; the ends 198. 
of the ſeveral ropes are fixt at B, C, D, E; ſuppoſe the power 
at M — 1, then the force on AF, FBis 1; on FG, GC, 2; on 
GH, HD, 4; on HI, IE, 8; but the weight P acts againſt 
HI, IE, and is therefore = 16, and the power is to the weight, 


& 
8 


a 


as 1 to 16. 


8 CH O L. 
In a ſingle pulley; as fig. 30. if a given power at P was to 39. 
he a. weight or lr Re A was 0 08 ſome other 7 
weight , there will be the greateſt motion generated in Hh, 
in any given time, when W P. | | 
And in a combination of $I as fig. 42. if a weight P 42. 
was to taiſe another weight I, and if, velocity of : velocity 
of P:: P: V then M will be the weight which will acquire 
the greateſt motion · in a· given time, by chat given power "ey 
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99+ ry URINE "IN iy ed AE 
here the 5 * > che pin J vill be che ö 
e the water, b me | 
her motion. Tad fe . 1 chen the force at C, 


by which the boat is moved, 23 Jos whenee the longer 4B, | 


or the ſhorter \BC is, ſo much more power there is at A to move 
her forward. 
Therefore long oars have the diſadvantage of loſing power, 
yet the oars- may be too ſhort, as well as too long; for it 
8 be very ſhort, the motion of the boat will allow little time 
to ſtrike, "and th will have but ſmall force to act againſt the | 
water with, in fo nal a time, as well as from the ſlow motion 
of the end [4 which js a diſadvantage. on the other ſide. | 


Ex. XVIII. 


Let ER be a Joat or a-ſbip, AS a ils 88 plumb- 
7 drawn through the centre of gravity of the ſection of the 
ſhip and water, and another line BO, parallel to the horizon 
and to the axis or keel of the ſhip, and to paſs through the 
centre of preſſure or reſiſtance of the ſhip, which ſhe has by | 
the water in her motion. Let this LED the former plumb- 
85 in O. Through C the centre of gravity of the ſail, draw 

F ee, to the ſail, and CB perpendicular to BO, and 
§ in the plane of the triangle CBD. | 

7 if DC be the force of the wind againſt the Gail 4s, 
then DB is the force generating her rogreſſive motion, and 
BC is the force liſting che ſhip upwards ; now the force D 
acting at C, r DB, endeavours to turn the ſhip round 
an axis paſſing O, with a force which is equal to the 
abſolute "ms 2 x by the diſtance CB, or CB x; BD, and this | 
is the force by which her head is deprefied ; likewiſe the force 
BC, in direction BC, endeavours to turn the ſhip round an axis 
at 0, the contrary way, and that with the Lang BC x diſtance 
BO, or BC Xe BO, 2 4 this is the force that raiſes her head; 
therefore the force to raiſe her head is to the m to 8 
it, as CBX BO to. C Xx BD, or as BO to BO.” 

Hence, if the point D fall before O, then che ſail endetyoun. 
to raiſe- the ſhip's head; if it be behind O, it endeavours to 
fink it; if it be. in O, it will * her ſteady... Au egy: 
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* "03 Ms an x ers 201 50 . 
4 FFF 
E is a cart or corriags; 5 2 


over, AB the horizontal plane; B, AC perpendicular, and OD 
parallel to AB; C the centre'gt the wheel; then the . 


PF. 


: whe over the rub BD, is 8. FP 


And the difficul of going over Fubs increaſes in a greater ratio 
than that of wacky heights ;) alſo the higher the Wheels, the 
more eaſily they paſs over chem; but chen they are more apt to | 
overturn, To draw the cart with the leaſt power over the rub” 
BD, it ſhould fot be drawn in the horizontal direction AB or 
OD, but in the direction 1D. The advantage of high Wheels 
is that they paſs the rubs moſt eaſily, and they have alſo leſs 
friction, and fink leſs" in the dirt, and more eaſily preſs. down” ; 
an obſtacle ; but their difadwantage is, that they eaſily. over- . 
turn ; they alſo make cattle draw too high; for they can apply 
their ſtrength beſt when they draw low and upward, as in the, 
direction AD, which is the adyantage of low. wheels ; yet if 

the wheels are high they may be made to draw low,” by.fixi 

the limmers or traces as far low the axle as you will, whic 


will then be an equal advantage” with low wheels; for the LE 


power not pulling at the wheel, but at the carriage, may draw 
from any part of it. There is another advantage i in ſmall wheels, 
that they are better to turn With 

A waggon with 4 wheels is more advantageous than a cart with 
only 2 wheels, eſpecially on fand, clay, Se. Narrow wheels 
and narrow plates are a difadvantape ; the broader the wheels | 
the leſs they ſink, and therefore require leſs r 0) and alſo . 
cut the roads leſs ; yet they take up a great deal of dirt, which | 
clogs the carriage. There is a great deal of friction in all car. 1 
riages, as is evident by the 5 e required to draw them upon . L 
plain ground ; and for that n, experience can only inform... 
us how much ore is able 'to draw any carriage. 10 . f 
the reſiſtance as ſmall as can be, axles of iron, running in HEE 
boxes in the wheel naves, go the eafieſt. 

The ſpokes in the wheel ought to be a little inclined ute" 
wards, that when a wheel finks'into'a rut, the Tpokes (bearing 


then the greateſt weight) may be ncarly perpendicular to DE 
horizon, 
. = e The ; 
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i] 1 x 8. 2 e of Be ele e 8 the - 
A 201. to be nearly ina right line; if they ſſant muc upward towards 
=—_ the ends, the wheels. will work againſt the linch-pin. Yet thig. 
5 Fs _ © cauſes the wheels to be further aſunder at top than at bottom, - 
5 7 in the rut, becauſe the ends of the axle- tree are conical, which 
__— 4} eee „5 ie ® 


| Ex. XX. 


202. Suppoſe the wagyor FG is moved forward, by a a power acting lng 
within it; which power turns the wheel DE by the ſpokes AD, 
AD, Sc. and DE turns the wheel IC which carries the w a; 


rv the power at 4 be 1, then the force acting at E wi 
55 eee I, ie ie 6 5; wb 


3 will be 27 therefore the power at A, to 


1 the force by which the 4 5 5 can be moved, is as 1 to 

= B or the power is to that force, as DE x BC to 
4 DAx EB. It will be the ſame thing, if inftead of teeth, the 
= wheel DE carries EB by a chain going round them. You muſt 
i Tn ſuppoſe the like wheels on the oppoſite ſide. | 


"Hence if the abſolute force to move the waggon without, be 
1. and force within, e A, ore it, will be 5 : 


SS 
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Ex. XXI. 


203. ABCD are the /azls of a windmill, all alike inclined to their 
common axis, and facing the wind, and turning about in the 
order ABCD; WC the dizection of the wind parallel to the axis 
EH. Since WC is perpendicular to EC, draw CF in the fail . 
perpendicular to EC; then the angle H will be the angle 
of incidence of the wind upon the fait; therefore the force of 
the wind to turn the ſails about the axis EH, is as the ſquare of 
the ſine of the angle VCH by its coſine ; and the force act- 
ue againſt the mill, in direction of the axis EH, is as the cube 

the ſine of CF. Now ſince the force of the wind to turn 


4 the fails round, is as S,}/CF x cof. WCF; therefore when 
= that force is the greateſt, the angle nn . 


* 


* 


Sect. XII. "COMPOUND! ENGINES. , 65 
And this is the moſt advantageous poſition” of the fails i TER 
move them from reft, and would always be fo, if the wind 203. 
ſtruck them in the ſame angle when moving as when, at et: 
but by reaſon of the ſwift motion of the fails, eſpecially hear the 
end , the wind ſtrikes them under 4 far leſs angle; and not 

only ſo, but as the motion at the end G is fo Twift, it may ſtrike 

them on the backſide; therefore it will be more advantageous 

to make the angle of incidence #CF greater, and ſd much more 


+ 


as it is further from E; therefore at the DNS, 
tangents of the angles ought to be nearly as'the diſtances, En, 
E, EG; and therefore the” fails qught to be twiſted, To a at 
7 to lie more ſharp to the wind and at CG almoſt to face it: : 
and by that means they will avoid the back wind. 


a | | 2 Ex. XXII. Cf! Lien 25 | 
GB is a common ſucking pump; GKL the handle, CD the 204. 

bucket, E, F two elacks opening upwards. © When the end . 

is put down, the end G raiſes the ſucker or bucket CD, and the 

valve or clack F ſhuts, and the water above the bucket being 

raiſed, the weight of the atmoſphere is taken off the water un⸗ 

derneath in the pump; then the preſſure of the external ait in 

the pit or well MN raiſes the water up the pump, opens the 

valve E, and aſcends through the hole B into the body of the 

pump DB. Again, when the handle L is raiſed, the bucket 

CD deſcends, the valve F opens, and lets the water aſcend 

through it, and the preſſure of the water ſhuts the valve E ſo 

that the water cannot return through B; then whilſt the end - 

is put down again, the ſucker CD is raiſed again, together with 

the water above it, whilſt more aſcends through B. So that at 

every ſtroke of the handle water is raiſed into the pump, till 

at laſt it lows through the pipe H. AG TEE; 
If the bucket CD be more than 30 or. 32 feet from the ſur- 

face of the water MV in the pit, no water will aſcend above it, 

for the preſſure of the atmoſphere reaches no farther ; there 

fore it muſt always be within that diſtance, or this pump is'uſe. I 

leſs for raiſing water. Wh MET * 


„ 25 
* * 


N 
r 


The weight of water which the bucket lifts at each ſtroke is 
that of a column of water whoſe height is MH, and its diameter 
that of the bore of the pump at CD where. the bucket goes; 
therefore as GK to XL: : ſo the power applied at L to that 
weight; therefore it ſignifies nothing where the bucket is placed, 
as to the weight of water. If a leak happens in the barrel of the 
pump below the bucket CD, the air will get in and hinder the 
e "ACTS d work 


N DE 8.0 1 PT ON or 115 1. 


a os 4 


t 6. working of the pump: if above CD, only ſome vill be leſt, 
22 therefore CD ſhould b placed low ; but then it. OR hon | 
* . come at to repair it. 


The bucket, ſucker, or piſton, is to be furrandad with 
„ cher to fit exactly, and muſt move freely up and down in 
| barrel, and alſo maſt exactly fill it. Of ves or clacks, — 
are fat, made of leather: others are conical; and they muſt all 
fit very cloſe, and move freely. To balance the nee of wa.. 
ter, the handle KL is commonly made Nos as of iron, a 
a knob at the end L. 

The bore of the pix at B. ſhould not be too ftraight; the 
wid | it is, the more freely the water aſcends, and the eaſier I 
pump works; likewiſe the longer ſtroke the pump makes, the 
More water is raiſed by the ſame o'er; there being leſs water 
boft by the valves ſhutting. BY 23 £0 


- Glalatiis of a a: common pang. © 


e LK 3 feet, KG 8 inches. 
b = HM the height from the we in yards: 


Then the diameter of che bore at D wilt be = 2 inches. 


And a angle perſon w will raiſe - wor eee of water in an 


”—_ 4 
In many pumps Wr common aſe it is not Karen to 0 
A great quantity of water, and then a ſmaller bore will ſerve, 


as 3 or n which will make the ung e ſo much the 
28 80 


A | Ex. XXII. ; 


206. If a mani ſitting in the ſcale E be in equilibrio with a wei fi 
in the ſcale 4; and if he thruſt againſt the beam CB, wit 
Kick or otherwiſe, in direction ED, and by that means thruſts 
out the ſcale E to the poſition BE; then the man in the ſcale E 
will over-balance the other ſcale A, and raiſe the weight ; for 
let EE be perpendicular to FB, then the force at Eto turn the 
ſcales is to the contrary foree at F, as CL to CF or CB; for it 
is the ſame thing as if E was ſuſpended "SR 

And hen the perpendicular obſtacle GH' hinders the ſcale 
from going out, and the centre C is always kept ſteady ; yet the 
ſcale E will til * preponderate ; for let ED be the force acting 
init D; this ts equivalent to the two forces EB, BD, m 
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at E, and D; the force BD tending to or from the centre, does x x 0. 


nothing, but the force EB at E, acting at the diſtance CB, its 
2 to bring down the ſcale, E is CH BE; and the fame 


205. 


e acting at D, its power to puſh up the ſcale is CDxBE, _ 


and their difference. DBx BE. is. the abſolute force to thruſt 
down the ſcale; and this force is to the whole thruſting force 
DE, as DB to DE; and if D were on the other fide of C the 
force would ſtill be DBXBE,.or C CDXxBE.. 


TTT a abpull Bu an ih ie/wore. 


tied by the cord DE, then no force acting againſt any part of 


the beam FB, could have any effect to deſtroy, the equilibrium. 


+ Ex. XXIV. 1 
Suppoſe a man 4 ſtanding upon the plank. CB, ſupported 


only at one end C, and pulling the end B towards him by the 


rope EB, in order to keep himſelf and the plank from falling. 


Imagine the man and the plank to be one body, then the ac- 


tion and re- action in direction EB, deſtroy one another, and his 


pulling does nothing; it would therefore be in vain for him to 


endeavour to ſupport himſelf hy chat force, for both he and the 
plank muſt fall down together towards B, by their own weight. 


"Ex. MV. 


CD is a machine with two wheels fixed to an axis DF, round 
which goes a cord GDFE ; there is a power at E endeavouring 


to draw the machine towards E, in a direction parallel to the 


horizon HO, by the cord EF, going. under the axis DF; in 
the radius AH of the wheel, take AB equal to the radius of the 


20 


208. 


axle DF, towards V, becauſe the ſtring goes below it; then 
the force to move the machine is the ſame as if the ſtring was 


fixed at B, where V is the fulcrum, A the weight; then the 
force to move the machine towards E, with the given power E, 


will be as BH; therefore it would be in vain, by pulling at 


the ſtring to endeavour to make the body roll towards D, the 
contrary way; but if DF was greater than the diameter of the 


wheel, that is, if B falls beyond I, then the force drawing to- 
wards E, would move the body towards D the contrary way. 


} 


' 


If the direction of the power B be elevated above the hori- 


20n, as fe, then the machine could approach or recede, till the 
direction of the ſtring zf fell upon the point of contact H, and 


there it would reſt. og 


k 
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116. A is anariifical kite, kept up by the wind blowing in direc. 


„ 


. 
7 


* 


EF (with a bullet F at the end) being always blown from the 


2 DESCRIPTION: or 


tion HC, by drawing the ſtring AI IH, fixed at A and B. The 


kite will gain ſuch a poſition, that H produced will paſs thro 
the centre of gravity of its ſurface at C; draw CO 5 4 
| then OC 


to BA, and DO icular to the horizon 
is the direction of the force of the wind acting againſt the kite, 


and the force of the wind to keep her up, is as the _ of the | 
DO repreſent the given 


fine of the angle IC or COD; now 1 
weight of the kite, CO will be the force of the wind adting 
inſt her, and CD the force pulling. at the ſtring ; the tall 


ö wind, keeps her head always towards the wind. 


210. 


211. 


As the direction of the thread always Je through C, there. 
fore the angle ACH, and conſequently , will always be the 
ſame at all altitudes; and ſhe can never aſcend fo high, till the 
angle of altitude CHO be equal to ACH, and hence it follows, 
that the leſſer the angle HCO is made, the higher ſhe will riſe; 
and likewiſe the greater the wind is, or the lighter the kite, 
celeris paribus, the higher ſhe will rife. | 
After a like manner, a machine as ab may be contrived to 
keep at the top of a running water, being held by the ſtring d: 


tied to a ſtone and ſunk to the bottom: ab is a thin board, 5 


a piece of lead to fink the end &, but the whole muſt be lighter 
than water; cd an iron pin fixed at C; or the machine may have 
a looſe tail at &, heavier than water, as in the kite. | 


Ex. XXVII. 


If AB is a machine to be moved by a power acting at C out 
of the machine, in direction DC; DF, GI two levers within 
the machine, moveable about the two fixed fulcrums E, H. 

Call the power at C, 1; then the force at Fto move the lever 


GL, is 2; then if the force at F be 1, that at the obſtacle 1 


EF 
out of the machine is 27 therefore if the power at C be 1, 


the force acting againſt the obſtacle at 7, or which is the ſame 


thing, the force urging forward the machine towards B, is 
DEX GH 1 | | 3 3 


ſorce 1, 


OP T3” Io COR Or IE « 
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force 1, therefore the abſolute. force urging forward the ma- 11 6. 
' 1... ISR GH 3 DE x GH—EF x HF . 


Note, if the force at F be i, the force. againſt His 57; 3 but 
this is not the force urging forward the machine, but to tear her 
in pieces, or to ſeparate the fulerums E, H, from one another. 

If there had been three levers, and the power at D, the 
third, had been directed towards K, the way the machine goes, 
then the power 1 muſt be added to the force at J, and the whole 
is the force urging forward the machine. e 

Hence, if the abſolute direct force to move the machine be 
1, the power applied at D, which is able to move it, will be 


EF x HI. : Wo 
0p 3 
DEX GH—EF x HI * but if the __— wa D act within the ma- 
X 


chine, this power could only be DENG fince there is then 
no force ta be deducted for drawing back the machine. 


— 


Ex. XXVIII. 


DABH is a wooden bridge; AC, AD, AB, BH, BO, beams of 212. 
timber, DE, EL, SR, RH, braces to ſtrenghten the angles A, B; 
the ſtreſs upon any of the angles is, ceteris paribus, fo much 
greater, as the angle is greater; but the ſtrength on any angle 
A, is as the perpendicular AP. | 


Ex. XXIX. 


AB a failing chariot ; CDEF horizontal fails, ſo contrived 213. 
that the ſails D facing, the wind may expand, and thoſe going 
from the wind may contract; the fails are turned about by 
the wind coming from any coaſt; theſe. ſails turn the axis and 
trundle GH, the trundle turns the wheel IL by the cogs 
in it; therefore the chariot may move in any direction. R is 
a rudder to ſteer with. LOR | | IN 

Suppoſe the chariot to go againſt the wind; let D be the 
centre of preſſure of the two ſails C, D, the wind blows on, and 
let the power, (that is the force of the wind acting againſt the 
fails) be x, then the force. acting againſt the teeth in IL, is 


GD a FE; } f * es. 4] 
oz and this force being 1, the force at L is alſo 1; there- 
| ey bi | fore 
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1 6+ fore the power at O to the force at L. is as 1 to 81 or as ON 


to GD. Now ſince the maſt is ſtrained by the power falli 
on the ſails, therefore by this power OH, the chariot is urg 


backward, and by the force at L which is GD, it is urged 
forward. Let R be the force of the wind upon the body of 


the chariot, together with the friction in moving; therefore 


if GD is greater than the radius OH-þ R, the chariot will move 
forward againſt the wind; if leſs, backward ; but if they be 
equal, it will ſtand till. / 4 1 


Ex. XXX. 


214. Na chariot or waggon to ſail againſt the wind. S the fails 


215. 


of a windmill, turning in the order, 1, 2, 3; as the fails go 
round, the pinion A moves B, and the trundle C moves D, 
which has both teeth and cogs; D by its teeth moves E, and 
the trundle E fixt to the axle-tree carries round the wheels H., [, 
which move the waggon in direction HG. 

The fails are ſet at an angle of 45*, ſo the force to tum 
them, and the force in direction of the axis, will be equal; 
this waggon will always go againſt the wind, provided. you 
pive the fails power enough, by the combination of the wheels, 
ut then her motion will be ſo much ſlower. | 


Let AB be part of a rope; cd, cd, &c. the particular ſtrands 
running about in a ſpiral manner.; let FH be the axis of the 
rope, the angle GFH or HFK the obliquity of the ſtrands, 
draw KH, GH parallel to FG, FX, and draw GER; then 
the tenſion of the rope in direction HF, is to the ſtreſs on all 
the ſtrands in direction FG, as FH to FG + FK or FG-+ GH; 
that is, as EF to FG, therefore the abſolute force by which 
the rope is ſtretched, is to the ſtrain or ſtreſs upon all the 
ſtrands, or upon the twiſted rope, as FE is to FG, and fo i 


the length of any part of the rope, to the correſpondent length 
of a ſtrand. | 


# 


Hence ropes the leaſt twiſted are ſtrongeſt and bear the moſt 
weight, and the harder they are twiſted the ſooner they will 
break ; and for the ſame reaſon, if they be double twiſted, 
they will be, weaker ſtill. But as it is very difficult to make 
all the fibres pull equally without twiſting, and impoſſible to 
make a rope hold together without it ; therefore it is — 
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Ex. XXXII. | 


ABC a ſyphon or crane. If the ſhorter end AB be immerſed 216. 


in a veſſel of water AD, then by applying the mouth to the end 
C, and ſucking till the water comes, it will continue to flow 
out at the end C, as long as that end is lower than the ſurface 
of the water at D. If there be a mouth-piece at E, then ſuck- 
ing at E (whilſt the end C is ſtopt with the finger) will make 
the water flow, when the finger is taken off; and when the 
water is begun to flow, the hole at E ſhould be ſtopt up, or elſe 
the water will flow no longer than till the ſurface at D be 
as low as E. | 

The reaſon of its lowing is this : the perpendicular height 
of the column of water BC being greater than that of BD, the 
preſſure at C is greater than at D; and the preſſure of the at- 
moſphere being the ſame at D and C, therefore the greater 
weight at C will make it flow out there, whilſt the preſſure of 
the atmoſphere at D forces more water up the tube DB, and ſo 
keeps it continually running as long as there is any water, and 
the end C continues lower than the ſurface at D; but if C is 
higher than D, the water will return back into BD; but if 
the height DB exceed the preſſure of the atmoſphere, which is 
30 or 32 feet, then it cannot be made to flow out at the end 
C; ur if there be a hole in the ſyphon higher than the ſurface 
at D, the air will get in, and the water will return through 
BD; or if the ſyphon be very wide, the air will inſinuate it- 
ſelf into the end C, between the water and the tube, which will 
hinder it from running ; to prevent which the end C may be 
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it have as much as to prevent the fibres from drawing out, r 1 6. 
and a ſmall degree will not much impair its ſtrength. A rope 215. 
conſiſting of ſeveral ſtrands, is thicker when twiſted than when 


immerſed into another veſſel of water lower than the ſurface at | 
D. If the ends of the ſyphon be turned up, as E G, then the 


water will remain in the ſyphon after it has done working, 
which in the other will all run out. | 


Ex. XXXIII. 


CDLF a veſſel of water; AB a tube open at both ends, and 
about inch diameter; AE a quantity of mercury put into the 
tube; then ſtopping the end B, let the other end A be im- 
merſed deep enough in the water; then opening the end B, 
the mercury will ſink ſo deep in the tube, till the height 4 
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DESCRIPTION'or | 


PIG. the water AB be I4 times the height of the mercury AE, and 
217. then the mercury will be at reſt. - | 


218. 


For the ſpecific gravities of water and mercury being 1 and 
14, the column of water AB will be equal in weight with the 
column of mercury AE; thetefore the preſſures at A being 
equal they will ſuſtain one another. 


Ex. XXXIV. 


A, B, are two barometers; ed is a tube, its bore I or inch 
diameter, at leaſt, cloſe at top, and communicating with the 
veſſel C, with mercury in it; C is open to the external air. 
The uſe of this inſtrument is to ſhew the weight of the atmo. 
ſphere, and its variations. This tube, and veſſel with mercury, 
is put into a frame, and hung perpendicular; near the top of 
the tube is placed a ſcale of inches, by which the height of the 
mercury in the tube is known, and likewiſe a ſcale for the 
weather; at the top of the tube above the mercury is a va. 
cuum. Now the atmoſphere preſſing upon the ſurface of the 
mercury at C, keeps the mercury ſuſpended at the height 4 in 
the tube, which therefore will be higher or lower according to 
the weight of the atmoſphere. The height of the mercury in 
the tube is generally 28, 29, or 30 inches; ſeldom more, If 
any air get into the tube it ſpoils the machine. Leſt the quick- 
ſilver ſtick to the glaſs, it is good to drum a little with the 
fingers upon it, in making any obſervation. 


Rules for obſervation of the weather. 


1. The riſing of the mercury preſages fair weather. It riſes 
and ſtands higheſt in ſerene, ſunſhiny, droughty weather ; and 
in calm froſty weather it generally ſtands high. In thick foggy 
weather it often riſes. | 

2. The falling of the mercury denotes foul weather. It ge- 
nerally falls or ſtands low in rainy, windy, or ſnowy weather. 

3. In windy weather the mercury ſinks loweſt of all, and 
riſes faſt after ſtorms of wind. | | 

4. In very hot weather the falling of the mercury foreſhews 
thunder. 

5. In winter the riſing foretels froſt, and falling in froſty 
weather fortels thaw. | 

6. In continual froſt the riſing preſages ſnow; at other 
times 1t generally falls in ſnowy weather. om 

7. When 
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7. When the mercury riſes after rain expect ſettled ſerenity ; x 1 Gs: 


if it deſcends after rain expect broken ſhowery weather. 


8. When foul weather happens ſoon after the falling of the 
mercury, or fair weather after its riſing, expect but little of it. 


9. In foul weather, riſing faſt and high, and continuing ſo 
2 or 3 days before the foul weather be quite over, expect a 
continuance of fair weather to follow. 

10. In fair weather falling faſt and low, and continuing 2 
or 3 days before the rain comes; expect a great deal of wet, 
and probably high winds. | 


ther. 


north-eaſterly winds. . 

13. The alterations are greater in northerly parts than in 
the more ſoutherly, and there is little or no variation within 
the tropics. 


Ex. XXXV. 


ABE is an artificial fountain; A is an open veſſel, B a cloſe 
one; E may be made cloſe by ſtopping the hole C; theſe veſſels 
all communicate by the tubes F, G; the tube F reaches near 
the top of E, and the tube G near the bottom of B; pour 
water into C almoſt to the top of the pipe F, and ſtop the 
hole C; then pour water into A, which will run down into 5; 
then open the cock D, and the water will ſpout up to the 
height of AB above D; for the air in B, F, E is condenſed 
by the weight of the column of water AB, and its preſſure on 
the water in C, is equal to the weight of that column, and will 
therefore make the water ſpout to that height above the water 
in C nearly ; but the pipe leading to D muſt be turned curve. 

| 


Ex. XXXVI. 


AB is a dart or an arrow; at A 3 or 4 feathers are placed 
nearly in planes paſſing through the arrow. If the feathers 
were exactly in this plane, the air could not ſtrike againſt the 
feathers when the arrow is in motion: but fince they are not 
ſet perfectly ſtraight, but always a little aflant, whilſt the ar- 
row moves forward, the air ſtrikes the ſlant fides of the feathers ; 
by which force the feathers are turned round, and with the 
teathers the arrow or reed; ſo there is generated a motion 
about the axis of the arrow, which motion will be ſwifter as 
they ſtand more aſlant. This motion is like the motion of the 

Dd 2 ſails 


11. Unſettled motion of the mercury denotes unſettled wea- 


12. The greateſt height of the mercury is upon eaſterly and 
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""DESCRIPTTON"ar 


11. falls and axle of a windmil; turned round by the wind. The 


220. 


head B is made of lead or iron, and will therefore go foremoſt 
in the air, and the feathered end A the hindmoſt, as b 


lighter. An arrow will fly about 60 yards in a ſecond. 


221. 


222. 


Ex. XXXVII. 


ABis a veſſel which keeps its, liquor till filled to a certain 
height, and if filled higher lets it all run out; EI is a crook- 
ed pipe or crane open at both ends. If water be poured into 
the veſſel, it will continue in it till it riſes above E, and aſcend 
to the ſame height in the pipe EF; but riſing above V, the 
preſſure at E will make it run out through the pipe G, till 
the ſurface of the fluid deſcend as low as E. This is ſometimes 
called Tantalus's cup. The funnel A may be put in the han- 
dle of this cup, which will look neater. | Li 


Ex. XXX VIII. 


BC, CG are two bones of an animal, moveable about the 
joint FA, by help of the muſcle KD; the joints of animals 
are either ſpherical or circular, and the cavity they move in is 
accordingly either ſpherical or circular ; and the center of mo- 
tion is in the centre of the ſphere or circle, as at C, Let be 
a weight hanging at B, and draw CP, CK perpendicular to , 
KD ; then if the weight be ſuſpended by the ſtrength of 
the mufcle KD; it will be as CK: PC:: I: tenſion of the 
muſcle KD. | | 

The bone BC is moved about the joint FA, by the ſtrength 
of the muſcle KD; for when the muſcle is contracted, the 
point & is moved towards D, and the end B towards E, about 
the immoveable centre of motion C. The ſtrength of the muſ- 
cles is ſurpriſingly great. 

Berelli (in his took, de Motu Animalium, Part I. Prop. XXII.) 
computes the force of the muſcles to bend the arm at the elbow, 
and ſays, a ſtrong young fellow can ſuſtain at arm's end, a weight 
of 281b. taking in the weight of the arm; and he finds the 
length of CB to CK to be in a greater proportion than that of 
20 to x ; whence he infers the ſtrength of theſe muſcles to be 
ſo great as to bear a ſtretch at leaſt of 5,601b. 

It is evident that all animal bodies are machines; for what 
are the bones but levers, moved by a certain power placed in 


the muſcles, which act as ſo many ropes, pulling at the bones, 


and moving them about the joints; every joint repreſenting 
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the ſulcrum ot centre of motion. What are all the veſſels but r f 6. 
tubes which contain fluids of different ſorts, deſtined for the 222. 


uſe or motion of the ſeveral parts of the machine? and which 
by opening or ſhutting certain valves, let out or retain their 
contents as occaſion requires, or convey them to diſtant places, 
by other tubes communicating therewith ; and therefore all 
theſe motioms of an animal body, are ſubject to the general laws 


of mechanics. 
Ex. XXXIX. 


The motion of a man, walking, running, Sc. will eaſily be 223. 


accounted for. Let us firſt ſuppoſe a man ſitting in a chair; 

he cannot riſe from his ſeat, till by thruſting his head and body 
forward, and his feet and legs backward, the line of direction, 

or the perpendicular from the centre of gravity, paſs through 

his feet, as the baſe ; likewiſe when we ſtand upon our feet, 

the line of direction muſt fall between our feet, otherwiſe we 

cannot ſtand, but muſt fall down towards the ſide the centre of 
gravity lies on: and when a man ſtands firm upon his feet, 

his legs make an iſoceles triangle, the centre of gravity lying 

between them ; and then he is not ſupported by the ſtrength 

of the muſcles, but by the bones of the legs and thighs, which 
then ſtand in a right line with one another. | . 

When a man AC endeavours to walk, he firſts extends his 
hindmoſt leg and foot & almoſt to a right line, and at the ſame 
time bends a little, the knee H of his fore leg; thus his hind 
leg is lengthened, and his fore leg ſhortened ; by this means 
his body is moved forward, till the centre of gravity F falls 
beyond the fore foot B ; and then being ready to fall, he pre- 
ſently prevents it, by taking up the hind foot, and by bending 
the joints of the hip, knee, and ancle, and ſuddenly tranſlating, 
ir forward to 7, beyond the centre of gravity ; and thus he 
gains a new ſtation. After the fame manner, by extending the 
foot and leg FB, and thruſting forward the centre of gravity 
beyond the foot &, and then tranſlating the foot B forward, 
he gains a third ſtation ; and thus is walking continued at 
pleaſure. 

His two feet do not go in one right line, but in two lines 
parallel to one another; therefore a man walking has a libra- 
tory motion, from one ſide to the other; and it is not poſſible 
to walk in a right line. 

Walking on plain ground is eaſy, pleaſant, and perſormed 
wich little labour; but in going up hill is very laborious, by 
reaſon of the great flexure of the joints required to aſcend, and 

| their 


I £9 DESCRIPTION or 


' F I G. their ſuffering more ſtreſs from the weight of the body in that 
223. poſition. Deſcending down hill is, for the ſame reaſon, more 
aborious than walking on plain ground, but not ſo bad as af. 
cending. „ | | | 
The walking of birds is not unlike that of men, only their 
weight is intirely ſupported by the ſtrength of the muſcles, 
ſince their joints are always bent; alſo their feet go in two 
parallel lines. | | 
A man in walking always ſets down one foot before the other 
be taken up, and therefore at every ſtep he has both feet 
upon the ground; but in running he never ſets one down till 
the other be up; ſo that at each ſtep he has but one foot upon 
the ground, and all the intermediate time, none. A good foot- 
man will run 400 yards in a minute. 


+; XL. 


224. When a beat ſtands, the line of gravity muſt fall within the 
quadrilateral made by his 4 feet ; and when he walks,, he has 
always 3 feet on the ground, and one up. Suppoſe he firſt 
takes up the hind foot C; before he does this, by extending 
his leg backwards, he thruſts forward his body and the centre 
of gravity, then taking up the foot C he moves it forward to 
F; then he immediately takes up the fore foot B on the ſame 
ſide, and carries it to H; then he takes up the hind foot D, 
and tranſlates it forward; and then the fore foot A; then F 
again; and ſo on. 

When he trots, he takes up two together, and ſets down two 
together, diagonally oppoſite. N „ 

When he gallops, he takes up his feet one by one, and ſets 
them down one by one; though ſome animals ſtrike with the 
two fore feet nearly at once, and the two hind feet near at once, 
and have not above two feet on the ground at once. A good 
horſe will run half a mile in a minute. 

Animals with 6 or more feet, take up the hindmoſt firſt; 
then the next, and then the next in order, to the foremoſt, all 
on one ſide; and after that, all the feet on the other ſide in the 
ſame order, beginning at the laſt. If they were to take up the 
foremoſt firſt, the animals would move backward. | 


Ex. XLI. 


225, AD is a bird flying in the air, by help of the wings F. T, 
and the tail C. The ſtructure of their wings is ſuch, org 
. | 2 
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| ſtriking downward, they expand to their greateſt breadth, and e 1 G. 

| become almoſt two planes, being ſomething hollow on the un- 225. 

| der fide; and theſe planes are not then horizontal, but inclined, * 
ſo that the back part & is higher that the fore part DFG ; but 

in moving the wings upward to fetch a new ſtroke, they 

| with the edge DFG foremoſt, and the wings contract and be- 
come hollow ; their bodies are ſpecifically lighter than men 
or beaſts; their bones and feathers are extremely porous, 
hollow, and light ; the muſcles by which their wings are 
moved downwards, are exceeding large, being not lefs than a 
ſixth of the weight of the whole body. When a bird is 
upon the ground and intends to fly, he takes a large leap, 
and ſtretching his wings right from his body, he ſtrikes them 
downwards with great force, by which they are put into an 
oblique pofition ; and the reſiſtance of the air acting ſtrongly 
againſt them by the ſtroke, impels them, and the bird, in a 
direction perpendicular to their planes; which is in an oblique 
direction, or partly upwards and partly horizontally forward; 
the part of the force uo upwards is deſtroyed by the weight 
of the bird ; the horizontal force ſerves to carry him forward ; 
the ſtroke being over, he moves his wings upwards, which be.. 
ing contracted, and turning their edges upward, they cut through 
the air without any refiſtance, and being ſufficiently elevated, 
he takes a ſecond ſtroke downwards, and the impulſe of. the 
air moves him forwards, as before; and ſo from one ſtroke 
to another, which are only like ſo many leaps taken in the air. 
When he has a mind to turn to the right or left, he ſtrikes 
ſtrongly with the oppoſite wing, which impels him to the con- 
trary fide. The tail acts like the rudder of a ſhip, except 
only that it moves them upwards or downwards inſtead of fide- 
ways, becauſe its plane is horizontal. If a bird wants to riſe, 
he puts his tail into the poſition LF; or if he would fall, into 
the poſition LI; whilſt it is in the horizontal poſition LC, it 
keeps him ſteady. A bird can by ſpreading his wings con- 
tinue to move horizontally for ſome time, without ſtriking ; 
for having acquired a ſufficient velocity by keeping his wings 
parallel tothe horizon, they meet with no refiſtance ; and when 
he begins to fall by his weight, he can eaſily ſteer himſelf up- 
ward by his tail, till his motion be almoft ſpent, and then he 
muſt renew it by two or three more ſtrokes of his wings; when 
he alights, he expands his wings and tail full againſt the air, 
that they may meet with all the reſiſtance poſſible. The centre 
of gravity of a bird is ſomething behind the wings, to _— 
which, 
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„1 6. which, they thruſt out their head and neck, in flying, which 
225. carries the centre of gravity more forward. Mtg 


DESC Rt PTIO N or. 


It is impoſſible that ever men can fly, by the ſtrength of their 
arms; for their pectoral muſcles are vaſtly too weak to ſup. 
Port ſuch a weight; for in a man, they are not the both part 
of the reſt of the muſcles of the body; but in a bird they are 
more than all the others put together. | 

Some birds will fly 1000 yards in a minute, 


Ex. XIII. 


AB is a jfiſþ ſwimming, which he does by help of his fins and 
tail. A fiſh is nearly of the ſame ſpecific gravity as water; and 
moſt fiſh have a bladder L, which they can expand or contract, 
and ſo make themſelves lighter or heavier than water, in order 
to riſe or fall in it. The muſcular force by which the tail is 
moved, is very great: the direct motion of a fiſh is by means 
of his tail BCD, moving from one ſide to the other, with a vi- 
brating motion, which he performs thus: ſuppoſe his tail in 
the poſition FG, being about to move it ſucceſſively to H, I 
and XK, he turns the end G oblique to the water, which being 


moved ſwiſtly through it, in that poſition, the reſiſtance of 


the water acts obliquely againſt his tail, and moves him partly 
forward and partly laterally. The lateral motion is corrected 
the next ſtroke, the contrary way; but the progreſſive motion 
is continued always forward. When his tail is arrived at I, 
he turns its obliquity the contrary way, that in moving back 
to G, it may ſtrike the water in the ſame manner as before; 
and thus he makes one ſtroke after another, and moves for- 
ward thereby as far as he pleaſes. The oblique poſition of his 
tail is moſtly owing to the elaſticity of his tail, which by bend. 
ing, is put into that form by the reſiſtance of the water; they 
can exert a very great force with their tail, and which 1s ne- 
ceſſary to overcome the reſiſtance which their bodies meet with 
in the water. By help of the tail they alſo turn to one fide ; by 
ſtriking ſtrongly with it on that fide; and keeping it bent, 
which then acts like the rudder of a ſhip. The fins of a fiſh 
ſerve to keep him upright, eſpecially the belly fins E, which 
act like two feet; without them he would ſwim with his belly 
up, for his centre of gravity lies near his back. His fins alſo 
help him to aſcend or deſcend, by expanding or contracting 
them, as he can with pleaſure, and fo putting them in a pro- 
per poſition. His tail will alſo help him to riſe and fall, by 
inclining it obliquely, and turning it a little, from an m_ po- 

tion, 
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CD a roller turned by the handle E; to the roller is fixed the 
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tion, to one ſide. Fiſh can ſwim but ſlow, yet ſome of them + 1 6. 


will ſwim 70 or 80 yards in a minute, but they ſoon tire. 
Brutes can ſwim naturally, for they are ſpecifically lighter 
than water, and require to have but a ſmall part of their head 
out for breathing. ; alſo they naturally uſe their legs in ſwim- 
ming after the fame manner as they do in walking. ; 

Birds ſwim very eaſily, being much lighter than water, and 
readily move themſelves along with their web feet. 

Men cannot ſwim naturally, though they are ſpecifically lighter 
than water; for their heads are very large, and require to be al- 
moſt all out of the water for breathing; and their way of ſtrik- 
ing has no relation to that of walking. Men attain the art of 
ſwimming by practice and induſtry ; and this art conſiſts in 
ſtriking alternately with the hands and feet in the water, which 
like oars, will row him forward. When he ſtrikes with his 
hands he neither keeps the palms parallel nor perpendicular 
to the horizon, but inclined; and his hands ſtriking the 
water obliquely, the reſiſtance of the water moves him partly 
upward and partly forward. Whilſt his hands are ſtriking 
he gradually draws up his feet, and when the ſtroke of his 
arms is over he ſtrikes with his feet, by extending his legs 
and thruſting the ſoles of his feet full againſt the water ; and 
while he ſtrikes with his legs he brings about his arms for a 
new ſtroke, and ſo on alternately. He muſt keep his body a 
little oblique, that he may more eaſily erect his head, and keep 
his mouth above water. | 

After the ſame manner may the motions, velocities, powers, 
and properties of any machine be explained and accounted for, 
by mechanical principles. I ſhall proceed to lay down a ſhort 
deſcription of ſeveral other machines, without being ſo particu- 
lar in the calculation of their powers and forces ; the mechaniim 
of which being underſtood, will aſſiſt the invention of the prac= 
tical mechanic, in contriving a machine for any uſe. 


226. 


Ex, XLIII. | jaar 


4B a machine to raiſe a weight, and ſtay it in any poſition, 227+ 

racket wheel F; Mis a catch made of metal, moveable about 

H, and forked at the end G, where it falls into the teeth of the 

wheel F. As the roller is turned the weight is raiſed by the 

rope IX L, and the catch G ſlides freely over the teeth of the 

wheel, till the machine is ſtopped, and then the catch G falling 
E e in 


FIG. 
227. 


228. 


229. 


DESCRIPTION or 
in between the teeth, keeps the wheel fixed there, that it cannot 
turn back again with the weight. eee 
. Ex. XIAv. 

KT is a machine to raiſe or depreſs the lever GH, moveable 
about an axis at H, and to keep it at any poſition ; a ſtring 
fixed at / and a, and going in the order abcdef, through the holes 
6, c, d, e, of the runner IA, which being put up or down, raiſes 


or lowers the beam GH at pleaſure ; and more or fewer holes 
may be made in the piece IA, as occaſion requires. 


Ex. XLV. 
CD another machine to ſtay a weight in any poſition. This 


is only a cylinder of wood, upon which is cut a channel for the 


330. 


231. 


rope to go in. If the weight B be liſted up, and A pulled down, 
then B will remain in any given poſition, by the friction of the 
cylinder and rope; and there may be taken as many turns of 
the rope about the cylinder, as there is occaſion for. 


Ex. XLVI. 


C is a clock-weight carrying the two wheels A and B, D the 
counterpoiſe, F a pulley, ADB FA an endleſs cord; when 
the weight is down, draw the cord & till the weight C riſe to 
the top; then the catch e keeps the wheel 4 from turning 
backwards. This may be ſerviceable for other uſes beſides 


moving a clock. 
Ex. XLVII. 


ADB a machine for reckoning the number of ſtrokes or vi- 
brations made, DH is a wheel moving about a fixed axis, up- 
on the neck of which axis goes a braſs ſpring L, to keep the 
wheel from ſhaking ; AB a piece of wood or metal, cut away 
between J and K to receive the wheel: the plane of the piece 
AIKB is perpendicular to the plane of the wheel; FG are two 
ſtaples, to guide the motion of the piece AB back and forward. 
When the piece AB is moved from A towards B, the edge at / 
catches the tooth C, and ſliding along the edge, moves the 
wheel about in direction CD; this brings the tooth E to the 
edge K; and when the piece AB is moved back from Þ to 


A, the edge at & ſliding down the tooth E, moves the _ 
| m 
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which brings another tooth before the edge » 1 6. 
fon RE 2 motion of AB back and forward, the wheel 231. 
: _....2 an of ane tooth; and if the teeth be num- 
1 IOW Ur woah. LET! | . 
bered, the index M will ſhew when the wheel has made one 
revolution. | | 


Ex. XLVIII. 


' ABED a machine moving one circle within another, concen- 2 32. 
trical to it. ABC repreſents a flat ring of braſs, and abc a 
ſmaller concentric ring lodged in a circular groove, turned 
within the larger, and kept in the groove by three ſmall plates 
of braſs, A, B, C, fixed to the outward ring, and reaching over 
the edge of the inner one; upon the inner ring is fixed a con- 
centric arch of a wheel de, having teeth in it, which are driven 
round by the threads of an endleſs ſcrew DF, turning in a collar 
at E, and upon a point at F, both fixed to the outward ring. 
By this mechaniſm, any point of the circle abc may be ſet to a 
given point of the circle ABF, by turning the ſcrew DEF. 


Ex. XLIX. 


ABE is a crane for hoiſting goods up; AF is a double wheel, 233- 
within which a man walks, and by his weight raiſes the weight 
Ii, by help of the rope EBEW, which goes round the axis of 
the wheel at F. At D are two pullies, one vertical and one 
horizontal ; the vertical pulley facilitates the motion of the 
in hoiſting the weight, and the horizontal one ſerves for the 
rope to run on, when the crane CDE and weight are drawn 
aſide by the rope GH, in order to be lowered; CDE moves 
about the axis BC. At E is another pulley for the rope to 
run on. If the rope FBEI go about a pulley at IJ, and be fixed 
2 with its end at E, the crane will lift twice the weight. 


wo \I= yy ww e3aiVTt7r 


9 Ex, L. 


AB a ſailing chariot. This is driven by the wind, by help of 
the ſails C, D. Ris the radder. The wheels muſt be ſer at a 
greater diſtance, or the axle-tree made longer, than in common 
chariots, to prevent overturning. Sailing chariots are proper 


for large plains and champaign countries, and are ſaid to be 
frequent in Ching. 
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Ex. LI. 

“ ̃ ͤiV1Vm!mi;?ĩ38J“‚u⁊ ð . OS 3 
my a ww f HURESJUCK ; 1D 18 a HUTIZONTCAal wheel, wherem the 
wings or fails are inclined to the horizon; the ſmoke or rare. 
fied air moving up the chimney at B, ſtrikes theſe ſails, which 
being oblique, are therefore moved about the axis of the wheel, 
together with the pinion C, of 6 leaves; C carries the toothed 
wheel D of 120 teeth, all theſe are of iron; E a wooden wheel 
4 or 5 inches diameter; this carries the chain or rope F, which 
turns the ſpit. ' The wheel AB muſt be placed in the ſtraight 
part of the chimney, where the motion of the air is ſwifteſt, and 


that the greateſt part of it may ſtrike upon the ſails. The 


236. 


force of this machine 1s ſo much greater as the fire is greater, 
The ſails B are of tin, 6 or 8 in number, placed at an angleof 
54% degrees. | 

Ex. LIE; 


An engine to make a hammer ſtrike. W the water wheel, 7 
or 8 yards diameter; D, D, the floats; BC the axle, 3 or 4 
feet diameter; H the hammer, 3 or 4 hundred weight, moveable 
about the axis O, P; J. K four cogs in the axis, lifting up the 
hammer as the axis goes round, that it may fall on the anvil 4; 


FG a beam of wood acting as a ſpring, to give the greater force 


237. 


238. 


to the hammer; MN the courſe of the water down an inclined 
plane; M the place where it iſſues out; LM the perpendicu- 
lar height of the water, 3 yards. All the machine except the 
water wheel is within the houſe. . | 

A hammer may alſo be made to ſtrike thus; A is the ham- 
mer moveable about the point C; G the axle of a water wheel, 
in which axis are the pins F, E, Sc. As the wheel and axle 
g0 about from F towards E, the pins F, E thruſt down the 
end B, and raiſe the end of A of the hammer ; and when the 
B gocs off the pin the hammer falls upon the anvil D: | 


Ex: LIII. 


IIa crooked axis or elbow for the ſuckers of pumps; IK the 
peſtle or chain of the ſucker ; upon the axis is the lantern EF, 
which is turned by a great wheel, carried either by water, or 
men or horſes ; the peſtles IX riſe and fall alternately, as the 
lantern EF goes about, and each gives one ſtroke of the pump 
for one turn of the lantern. Place pullies or rolls a, , c, 4, 


for the chain IA to work againſt, when it goes out of its iir 
| ic 


"Ro 


dicular poſition, by. the obliquity of the motion of the cranks 1 1 
J. J. = | BEE ; - 238. 
: Ex. LIV. | 


ABCD a particular combination of pullies; T. T, T are poſts 239. 
to which the tackles are fixed; , &, S are ſtays to keep them | 
erect. If the power at A be 1, that at Bis 3, at Cg, and at 
D 27, where the weight is placed. 3 Ai 


Ex. LV. 


A, Bare two bellows going by water, and blowing alternately, 240. 
but neither of them with a continual blaſt; / the water wheel; 
DE the direction of the water ; FG the axis of the wheel ; a, a, 
Sc. 4 cogs of wood in the axis, forcing down the end of the 
bellows A; 5, Sc. 4 cogs forcing down the end of the bellows 
B; LM, NI two rods of iron, faſtened to the bellows and to 
the lever MN, and moveable about the pins M., N; SP a 
piece of timber moveable about & and P; O a beam ſerving 
for a ſpring, lying over the piece of timber QR. As the wheel 
and axle turns round a cog 6 forces down the end of the bel- 
lows B, and makes it blow; this pulls down the end M and 
raiſes the end M of the lever MN, which raiſes the bellows A ; 
and when the cog & goes off, the bellows B ceaſe blowing, and 
a Cog a forces down the bellows A, and makes it blow, and at 
the ſame time raiſes the bellows B; and thus the cogs a, & al- 
ternately force down the bellows A, B and make them blow in 
their turns; H is the hearth or fire. 1 

A pair of bellows may be moved by water thus; A is a water 241. 
wheel, carried by the water at /; CD a rod of iron going 
on the crooked axle- tree of the wheel; DF a lever moveable 
about E; FG a chain going to the bellows B; I a weight. As 
the wheel goes about, the ends D and F of the lever DF riſe 
and fall, which motion raiſes the bellows, and the weight I car- 
ries them down again, 


F . WR IP n= © TY 


Ex. LVI. 


AB is a wheel with teeth, and a roller to draw up any weight; 242. 
H, H, H the handles, which may be wrought by two or three 
men. | | h 
But the eaſieſt and ſimpleſt rollers for common uſe are ſuch 243. 
* Cand D. In theſe, as 3olb. is to the weight to be raiſed, » 244 
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x 6. muſt the radius of the axle be to the length of the hand, 
30. for a man to work it. : | 

If a given weight P raiſes another weight V, on ſuch a ma. 

chine as fig. 3o, it will generate the greateſt motion poſſible in 


1245. 


- 


DESCRTETION be. 


2 given time, when the diameters AB, EF, and weight ¶ are of 
| = Arx Tex 
ſuch quantities, that i — =, or when EF — * 
For then the motion will be greater than if any one (H, AB, or 
EF be altered, the reſt remaining the ſame. 

And in ſuch a machine as fig. 36, the greateſt motion will 
be generated in ; if you make as velocity of V: velocity of 
P::a3+P:toW. 

| Ex. LVII. 


An engine to drive piles; A the rammer, drawn up by the 
rope BCD going over the pulley'C; DN, DN ſeveral ſmall 
"xn for ſeveral men to pull at; M the pile; EF a brace and 
ladder to go up. The rammer A is bound at bottom with iron, 
leſt it ſplit, and has two tenons on the backſide to keep it in 
the grooves, made in the upright puncheons G, H, by which is 
motion is directed. The rammer 1s raiſed to the top by men 
pulling at the ropes DN, and then letting go, all at once, it 
falls upon the head of the pile M. | 

Old piles are drawn out by ſtriking gently upon their heads 
whilft they are pulled by a ſtrong rope ſtretched. 


-. Ex: LV. 


ACL a pair of /mitÞ's bellows; AL, BL, CLare three boards, 
the middle board BL divides the internal ſpace into two parts; 
in the middle board is a valve & opening into the upper part, 


and in the loweſt board is another valve T opening into the un- 


der part; the pipe P communicates only with the upper ca- 
vity; DE a lever moveable about the axis GH; at I a weight 
is laid upon the upper board to make it fall; the bellows is 
fixed in the frame MX by two iron pins, which are faſt in the 
middle board, and the pipe P lies upon the hearth, When 
the end E is pulled down by the rope EF, the end D is raiſed, 
and the rope or chain DR raiſes the lower board CL; this ſhuts 
the valve Fand opens 5, and the air is forced into the upper 
cavity, which raiſes the upper board, and blows through the 
pipe P; and when E is raiſed, the boards A and C deſcend, 
and the valve $ ſhuts and T opens, and the weight I _ 
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the air ſtill out of the pipe, whilſt more air enters in at the valves 10. 
T, which, when C aſcends, is forced again through the valve S 246. 


as before; and thus the belows have a continual blaſt. 
Ex. LIX. 


An engine to raiſe water. LMOI a great horizontal wheel ; 247. 


ABP the axis, P the pivot or ſpindle it turns upon; OO the 
waves of the great wheel; R a ſmall wheel perpendicular to 
the horizon, and placed under the edge of the great wheel ; this 
wheel is moveable about the centre C, in the end of the lever 
EFC, which is moveable about the centre D; EF the arch of 
a circle, whoſe plane is perpendicular to the horizon, and in the 
plane of the wheel QR; EG the chain of a pump. | 

Whilſt the great wheel is turned by the lever NA from O 
towards J, the wave Q preſſes down the wheel QR and raiſes 
the end E, which draws up the water in the pump G; but when 
the deepeſt part of the wave is paſt the wheel R, the wheel 
then riſes into the hollow &, and then then the chain EG de- 
ſcends till the next wave raiſes it again; and thus every wave 
makes a ſtroke of the pump. 

The wheel QR is placed there only to avoid friction, and ſo 
that a perpendicular to its plane may paſs through AB. If the 
number of waves be odd, and another pump wheel and lever 
be placed diametrically oppoſite on the other fide of the great 
wheel, then theſe acting by turns will keep the motion uniform, 
and the power at N will always act equally. | 


Ex. LX. 


BF a capſtan, to draw great weights. BC the axis, which 248. 


is driven about by men acting at A, A, by help of the levers 
AB, AB ; here muſt only be 3 or 4 ſpires of the rope DCE 
folded about the axis BC, for Js axis could not hold ſo much 
rope as there is ſometimes occaſion for; and to hinder the rope 
from ſlipping back a man conſtantly pulls at E to keep it 
tight; and the axis made conical, or rather angular, at the 
bottom C, to keep the rope from going any lower whilſt the 
capſtan goes about. 


Ex. LXI. 


AL is a jack to lift great weights; E is a pinionupon the axis 249. 


FG, GC a toothed wheel, and D a pinion upon the ſame axis, 
win 


216 


11 0. 
259. 


250. 


D ESCRIPTION or 


working in the teeth of the rack AB; the whole is incloſed in 
a ſtrong caſe KL, all of metal; the handle GHI goes on the 
axis FG on the backſide of the caſe. 

When a weight is to be lifted the forked end A is put under 
the weight, then turning the handle H7, the pinion E moves 
the wheel GC, with the pinion D, and D raiſes the rack 4B 


with the weight. 


Ex. LXII. 


An engine to raiſe and let fall two weights with contrary mo- 
tions ſucceſſively, whilſt the moving power acts always one way, 
GH a great horizontal wheel; N. M two lanterns ſo placed 
on the axis AB that the great weight can only work one of 
them at once. When the cog wheel GH is turned by the 
lever LI, it turns the lantern M and raifes the bucket E, 
whilſt F deſcends; then E being raiſed, move forward the 
axis AB, that the lantern M may leave the wheel, and N come 
to it; then the great wheel moving the ſame way as before 
will now work upon NM, and turn the axis the contrary way, 
and raiſe the bucket F whilſt E deſcends ; which done, move 
the axis back towards 4, and you will again raiſe the bucket 
E; and ſo on. 

This may alſo be performed by placing the lanterns M, N 
ſo that the great wheel may work them both at once, by 
making them moveable about the axis AB ; then there muſt 
be a pin to faſten either of them to the axis, ſo that firſt one 
lantern and then the other being thus fixed to the axis, whilſt 
the other is looſe, the buckets E, F will aſcend and deſcend 
alternately. 


Ex. LXHI. 


A mill for iron work. AB the ſlitting mill; CD the plate will; 
SP the clipping mill; E, Fare two great water wheels. Aſter 
the water is paſt the wheel LE, moving in direction H, it 
comes about to the wheel F. in direction XY ; the water 
wheel E, with the lantern G on the ſame axis, carries the ſpur 
wheels M and H, with the cylinders B and D; and the wheel 
F with the lantern J, carries the wheels N and K, with the 
cylinders A and C; the cylinders A and B, as alfo C and D, 
run contrary ways about ; and the cylinders A and B are cut 


into teeth for ſlitting iron bars; C, D are 8 inches diameter, 


A and B about 12 ; and theſe cylinders may be taken out and 


others put in, and may be brought nearer to, or farther from, 
one 
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one another, by help of ſcrews, which ſcrew- up the ſockets # 1 0. 
where the axles run. The axles of N. I. lie all in one hori- 255. 
zontal plane; and ſo does M, C, H; but the cylinders A, B, 
and alſo C, D, lie one above another. 8 
For making _— e if a bar of iron be heated and made 
thin at the end, and that end put in between the cylinder C D, 
whilft the mill is going, the motion of the cylinders draws it 
through, on the other ſide, into a thin plate; likewiſe a bar 
of iron, being heated and thinned at the end, and put in be- 
tween the toothed cylinders A, B, it is drawn through on the 
other ſide, and lit into ſeveral pieces or ſtrings; and then if 
there be occaſion, any of theſe ſtrings may be put through the 
plate mill with the ſame heat, and made into plates. 
O0 is the ſhears for clipping bars of cold iron into lengths; 
V a cog in the axis of the water-wheel ; OP one fide of the 
ſhears, made of ſteel and moveable about P; the plane LPR 
is perpendicular to the horizon. When the mill goes abour, 
the cog I raiſes the fide OP, which as it riſes clips the bar T0 
into two, by the edges S, RP. All the engine, except the 
water-wheels E, F, is within the houſe. b 51 


Ex. LXIV. 


AFC a windmill to frighten birds from corn or fruit. This 252. 
is made of wood; the ſails F, F a foot long, and their planes 
inclined to the axis BC, 45 or 50 degrees; the piece B goes 
upon the end of the axis BC, and is pinned faſt on, and the 
fails and axis turn round together, and the axis goes TOP 
the board AD, and is kept from flying out of the hole, by 
piece B pinned faſt, The whole machine is moveable about the | 
perpendicular ſtaff AG, by which, means the wind turns the EZ: 
mill about the axis AG, till the plane AD lies dire&ly from the 3 
wind, and then the fails face it. At & is a ſpring to knack as is) 
it goes about, and the like on the other ſide. 


Ez. LAV. 


An anemoſcope to ſhew the turnings of the wind; CD is a 253. 
weathercock of thin metal, fixed faſt to the long perpendicular 
axis DF; which turns with the leaſt wind upon the foot F, 
and goes through the top of the houſe RS; to this axis is fixed 
the pinion A, which works in the crown wheel B, of an equal 
number of teeth; the crown wheel is fixed on the axis PI, on 
the end of which the index NS is fixed; the axis PI goes 
Ff through 


ö 
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, 
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218 +. DB S'CiR:tIP FIT DON Sr 5! 
= 71 G. through the wall LM; againſt the wall is placed the circte 
= 253. NESW, with the points of the compaſs round it. Then if the 
1 | | vane CD be ſet to the north, and at the ſame time the index 
= SN fixed on the axis PI to point at S, then however the wind 
2 varies, it will turn the vane CD and pinion 4, and A turns 
or the wheel B with the index M; fo that the index will always 
F ö be directed to the oppoſite point of the compaſs to the vane 
= DC, or to the ſame as the wind is 1n. | ene 
. R ö R 
1 y Ex. LXVL. 1 82 
ly | 254+, DEF is a rag pump, or chain pump. EF the barrel, CD the 
4 | roller; GH an endleſs chain, to which are fixed ſeyeral leather 
= buckets J. I, hollow on the upper fide that aſcends ; A the 
a ( handle. The uſe of this is to cleanſe foul waters from dirt and 
=: rubbiſh. The roller is ribbed to hinder the chain from ſlipping 
'F in N When the roller is turned it draws up the chain 
U i through the pump, with whatever is in the water, and dif. 
. charges it at the top. Inſtead of the roller CD, a wheel like 
Y a trundle may be uſed, called the rag wheel. mo 
is Ex. LXVII. 
. 255. A dyer's and fuller's mill. A the great wheel carried about by 
. horſes; this turns the trundles B, C, D, together with E, E G; 
2 then E turns the cog-wheel H, with the axis IX, and the croſs 
5 pieces L, L; 1,1, Sc. are pullies or rollers; MN, MN 
. wooden beaters, turning upon an axis paſſing through N, N. 
i" Whilſt the axis I turns about, the end 6 ſlides along the pul- 
x ley 1, and falling off, the part M ſtrikes againſt the cloth in 


the trough at O, O; the lantern F carries the cog-wheel P, 
and the cranks , S, which work the pumps T, T, by help 
of the levers Ry, moveable about a; the trundle G carries 
the cog-wheels / and /, and / carries the trundle A, with 
the piſton Y that grinds the indigo in the veſſel cd, from whence 
it flows to the veſſel Z; the ends m, m, Sc. of all the axles, 
run in pieces of timber going croſs the mill, and faſtened to one 
another and to the walls of the houſe. | | 


Ex. LXVIII. 


256, A machine to empty ſtanding waters. This is no more than 
a large pipe or ſyphon ABC, being extremely cloſe and tight 


If 
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no air can get in. 
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If the pool of water DE is to be emptied over the hill DHG, x 1 6. 
let the pipe be placed with its mouth A within the water DE, 256, 


and the mouth C within the water FO, if the pipe be very large; 


then ſtop up A and C, and fill the pipe with water by the cock 
B at the top; then ſtopping the cock B very cloſe, open 4 
and C, and the water will low through the pipe from DE into: 


FT, which may run over at E, at a {mall height above C, and 
away. S [4 F WW PS 

Nas the end C muſt always be lower than A, and the height 
of the top B above DE muſt not exceed 11 yards; for if it do 
the water will not flow. If the pipe be very ſtraight, the end C 
need not be immerſed in the water ; but if large it muſt, orelſe 
the air will inſinuate itſelf into the pipe at C, and hinder the 
flux of the water. h | | | 


Bs LK” 


EFGHHis a coal gin. E the cog-wheel 11 feet diameter, and 
72 cogs; this carries the trundle F, near 2 feet diameter, and 
12 rounds, together with the roll G, 4 feet diameter; Al is 
the ſtart, 20 feet long. The axis AB runs upon the kevy- ſtock 
C. There are two croſs trees IK, at the top, through which 
the axis AB goes; theſe croſs trees are ſupported by four poſts 
KL at the four corners. When the coals are to be drawn up 
out of the pit, two horſes are yoked at H and go round in the 
path OQD, and draw the wheel about; and whilſt the loaded 
corf N is drawn up to the top of the ſhaft M, by the ro 
going round the roll, the empty one at the other end of the 
rope is deſcending to the bottom; and the loaded corf N 
being taken off, and an empty one put on, the horſes are turned, 
and made to draw the contrary way about, till the other corf 
comes to the top loaded; and ſo as dne corf aſcends the other 
deſcends, alternately. A corf of coals weighs about 5 hundred 
weight, and contains about 44 buſhels. A pit is 40 or 50 
fathom deep, and 50 fathom of the rope weighs about 3 hun- 
dred weight. | = | 11 


4 


Ex. LXX. e 


A worm jack for turning a ſpit. ABC the barrel round which 
the cord R is wound; KL the main wheel of 60 teeth; N the 
worm wheel of about 3o teeth cut obliquely; LM the pinion 


of 15 0r:163 O the worm or endleſs: ſcrew, on which are two 
or worms going round, and making an angle with the 
F - 


2 axis 
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258. 


the frame, to nail it to a board; which is to be nailed againſt 


TI "4 of 5 . $4 , 3 X N 5 * £#% SY 27 ** * 5 8 - 
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2 6,axh-0f 60 or | | 
: Err the ace uniform ; 


degrees ; & the ſtud, Z the loop of the worm 


indle; Pa 
the ſtruck heel fixed to the axis FD; S, S ſeveral holes in 


a wall, che end D going through it; E the handle, going 


upon the axis ET, to wind up the weight when down; R are 


fixed pullies, J moveable pullics with the weight. The axis 
ET is fixed in the barrel AC; and this axis being hollow, both 
it and the barrel turn round upon the axis FD, which is fixed 
to the wheel XL, turning in the order BTA, but cannot turn 
the contrary way, by reaſon of à catch nailed to the end 4B, 
which lays hold of the croſs bars in the wheel LX. x1 
The weight, by means of the cord OR, carries about the 
barrel AB, which, by means of the catch, carries the wheel XL, 
which carries the nut LM and wheel NV, which carries the worm 
O with the fly P; alſo the wheel LM carries the axis FD with 


the wheel DG, which carries the cord or chain that about 


the ſpit head (a wheel like DG) which turns the ſpit. The 


the weight muſt be greater. 5 „ 

The catch lies between the end AB of the barrel and the 
wheel KL, and is thus deſcribed: ff the barrel, = the main 
ſpindle; dr a tumbler moving eaſy on the centre pin a, faſtened 
to an iron plate, nailed to the barrel; & a collar of iron, turn- 
ing a little ſtiff on the ſpindle: from this proceeds the tongue 
bc, paſſing through the hole c in the tumbler ; v the catch of the 
tumbler. Now whilſt the barrel with the catch is turned about, 


in the order e/z, upon the axis x, the collar is drawn about by 


more pullics at & and / the longer the jack will go; but then 


the tongue e, which tongue backwards, turns the tum- 


259. 


bler about the centre a, and depreſſes the catch r; but the bar- 
rel being turned the contrary way, the tongue then acts towards 
d; this depreſſes the end d, and raiſes the catch r, which then 
takes the croſs bars of the main wheel, and ſtops the barrel. 
This catch would alſo ſerve for a clock, and is better than a 
ſpring catch, becauſe it makes no noiſe in winding up. 

Note, the j:ck need not be placed ſo, that the axis FD be 
parallel to the ſpit, but any way it can conveniently ; for it 
is no matter whether the chain croſſes or not, 


r 


D the Iydrofatical bellows. © AB, EF, two flat boards of 
oak ; the fides FB, BF, of leathet, joined very cloſe to the top 
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and bottom, with ftrong nails; CD a pipe ſcrewed into the v x 0. 
iece of braſs in the top at C. 6 Ot ff mover als 
If a man blows in at the pipe DC, he will raiſe a great weight 
laid upon the board 4B ; or if he ſtands upon the board AB, 
he may eaſily blow himſelf up, by blowing ſtrongly into the 
pipe DC. If water be poured in at D, till the bellows and 
pipe be full, the preſſure upon AB within, will lift as much 
weight upon the top AB, as is equal to a cylinder of water, 
whoſe baſe is 4B and height CD. CONS 


Ex. LXXII. 


ADM is a water-mill for grinding corn. A the water-wheel 260. 
16 feet diameter, BC its axis; D the cog-wheel, with 48 cogs; 
O a ſrundle, with 9 rounds, LI its axis; MN the flones 6 or 
7 feet diameter. The lower ſtone N is the Her, being fixt im- 
moveable upon beams of wood; and the upper ſtone is the 
runner, and is faſtened to the /pindle LI, by a piece of iron 
called the rind, fixed in the lower fide of the ſtone, to go ſquare 
upon the ſpindle ; between which and the ſtone there is room 
left for the corn to fall through upon the lower ſtone. The 
ſpindle goes through the lower ſtone, and is made ſo tight with 
a wooden 4b, as to turn round in it eaſily. The upper ſtone, 
with the ſpindle LI. is ſupported on the end J, upon a horizon- 
tal beam of wood FE, called the bridge; the end F being fixed, 

and the end E lying upon the beam HG, fixt at G, called the 
brayer or bearer ; the end H is ſupported by the lifting-tree HK, 
by help-of a wedge at A; by this means, the upper ftone may 
be raiſed or lowered ; for if KH be raiſed with the lever KK; 
the end E, the axis LF, with the ſtone M, and the piece GH 
are all raiſed, and may be fixed there by the wedge &; thus the 
ſtones may be ſet as near or far off, as you will. The lower 
ſtone is broader than the upper ſtone, and is feathered, or cut 

into ſmall channels, to convey the flour out, and is encloſed 
with boards all around as a6, cloſe to the lower ſtone, and above 
the edge of the under one, to keep the meal in; and through 
one fide of the boards is a hole called the mill-zye, through 
which the meal runs out into a /rongh. 

The ſurfaces of the mill-ſtones are not flat, but conical ; the 
upper one an inch hollow, the under one {wells up 4 of an 
inch, ſo the two ſtones are wider about the middle, and come 
nearer and nearer, towards the outſide, which gives room for 
the corn to go in, as far as + of the radius, where it begins to 
be ground. The upper ſtone has a dancing motion up and 

down, 
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rr e. down, by the ſpringing of the bridge, which helps to grind the 
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260. corn. The flour, as ſoon as made, is thrown to the outſide, 


by the circulation of the ſtone and the air, and driven out at 
the mill-eye. The quantity of flour ground is nearly as the 
velocity and weight of the ſtone. The ſtone ought not to go 
round above once in a ſecond for bread corn. ONS 915 
The corn is put into the hopper S, which falling down into 
the fboe TY, runs into the hole at top of the ſtone M. The axis 
LM is made with 6 or 8 angles; which, as it turns about, ſhakes 
the end V of the ſhoe, and keeps the corn always running down, 
The axis LM may be taken off. PQ is the direction of the 
water, which acting againſt the floats N, carries about the water. 
wheel A, and cog-wheel D, which cog-wheel carries the lan. 
tern or trundle O, and the upper ſtone M that grinds the corn. 
Sometimes one water-wheel A carries 2 pair of ſtones, and 
then 2 cog-wheels as D are put into the axis BC, which carry 
two trundles with the ſtones ; otherwiſe the cog- wheel D car- 
ries a trundle O, and ſpur-wheel ; which ſpur-wheel carries 2 
lanterns with the ſtones, one lantern on each fide the wheel ; or 
ſometimes the ſame cog-wheel D carries another lantern and 
cog-wheel, whoſe axis is parallel to the horizon; and this cog- 
wheel carries another lantern with the ſtones ; and the trundle 
is ſuch as to make the blue ſtones, or thoſe that grind wheat 
flour, go near twice as ſwift as the grey ſtones do. In theſe 
caſes, when one pair of ſtones is to ſtand ſtill, there is either a 
looſe rung to be taken out of its lantern, or elſe the bridge EF 


is ſhifted towards H, till the lantern O be clear of D. 


The diameter of the water-wheel 4 muſt not be too large, 
for then it will move too flow; nor too little, for then it will 
want power. When a mill is in perfection, the velocity of the 
floats, wings, or hands R, upon the water-wheel, muſt be + 
the velocity of the ſtream. | 

The higher fall the water has, the leſs of it will ſerve to carry 
the mill. In an underſhot mill, where the water comes un- 
derneath the wheel ; it is brought by a narrow channel called 
the mill race. The water is kept up in the mill dam, and let 
out by the penſtock, when the mill is to go; and the penſtock 
is raiſed or let down by help of a lever. The penſtock being 
raiſed opens a paſſage to the water, 10 or 12 inches wide, 
through which it lows to the wheel; and when the mill is to 
ſtop, the penſtock is let down and the orifice ſtopt. 

When the water comes underneath the wheel it is called an 
ander/hot mill; but if it comes over the wheel (as in fig. _ 

x 1 
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places to make them. The water is brought to the wheel of 
an overfall mill, by a trough, which is turned aſide, to throw: 
the water off the wheel, when the mill does not go. 

A breaſt mill is that where the water is delivered into boxes 
at about the height of the axis of the wheel, and moves the 
wheel by its weight. This requires more water than either of 
the other ſorts. 7 1 5 | 

A good overfall mill will grind 25 or 3 buſhels of corn in 
an hour; and in that time requires 100 hogſheads. of water, 
having 10 or 12 feet fall. X | 


„ 


AB is a trap to catch vermin, made of boards. GH a piece 
of wood ſuſpended over the bar IL, by the lever DE, move- 
able about D; and the thread FE, tied to the ſtart CK; ln 
a piece of flat wood, moveable about im, and lying on the bot- 
tom, whoſe end B comes through a hole in the fide, in which 
is a catch to take hold of the end K of the ſtart, when the 
trap is ſet. When the vermin go into the trap, they tread 
upon the board /b, on which a bait is laid, which puts down 
the end B, and the ſtart CK flies up; this gives liberty to 
the rod DE to riſe up, then the piece of wood GH falls down, 
and knocks them on the head. If two pieces of board were 
nailed on the ends (, Ji, to reach below the piece of wood 
GH, the-trap would take the vermin alive. 

AE is another trap, the end B is wire; and the end A ſlides 
up and down in two grooves in the ſides. When the trap is 
ſet, the end A is ſuſpended by the thread CD, tied to the rod 
Di, moveable about O, the end I being held by the crooked 
end of the wire IS, moveable about R, the end RS going within 
the trap. A bait is put on the end at S, and the end E of the 
trap being open, the vermin goes in and pulls at the bait S; this 
pulls the catch / from off the end of the lever D, which lets 
the end A fall down, and the vermin is taken. 


L 
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Ex. LXXIV. 


An engine for moving ſeveral /aws for the ſawing of ſtones, 
Sc. ILLlis a ſquare frame, perpendicular to the horizon, mov- 
ing in direction LL, in gutters made in the fixed beams AM, 
CS; and running upon little wheels. IL. two rods of iron fixed 
at 
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it is called an overfall or overſbot mill. This requires leſs water r 10. 
than an underſhot mill; but there is not convenience in all 260. 


261. 


262. 


263. 
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110. at I and L; -op two hands of iron running rar. Loans ry 


263. 


265. 


266. 


to theſe are fixed the ſaws, 8, S. HIKisat fixed to the 
axis of a great wheel; as the wheel and triangle go about from 
H towards I, the point / acting againſt the piece G, moves the 
frame towards MB, together with the ſaws S, S. When 7 is gone 
off, the angle & acts againſt the piece F, and moves the frame 
back again; then H acting againſt G, moves it forward; and 
ſo the faws are moved back and forward, as long as the wheet 
turns round. As theſe ſaws work by the motion of the engine, 
the hands op deſcend. The parts F and G ought to be made 
curve; and little wheels may be applied at the points of the tri. 
angle HIK, to take away the friction againſt Fand G; the 
axle of the wheel may be made to carry more triangles, and 
work more ſaws, if the power is ſtrong enough. 

Inſtead of the triangle HA, the frame may be moved by the 
two pieces ab, cd, going through the axis, acroſs to one ano- 
ther; ſo that ab may only act on F, and cd on G; F being 
only in the plane of 46¹8s motion; and G in that of cd; ſo that 
F never falls in the way of cd, nor G in the way of ab. | 


Ex. LXXV. 


A is an eolipile. This is a hollow globe of brafs, with only 
very ſmall hole at the mouth. Take it by the handle B and {tt 
it on a fire till it is heated, then plunge it in cold water, and 
the air in which it was rarefied, will be condenſed ; and water 
will go into it, till it be about half full; then if it be ſet on 
the fire, the water will turn into vapour by the heat, and will 
blow out at the mouth with great violence, and continue fo till 
the water is ſpent. | 


Ex. LXXVI. 


ABD is a hygreſcope. BC is an index hung by the (therm) 
ſtring AB, the point B hanging over the centre of a circle, which 
is divided into equal parts. The ſtring AB twiſts and untwiſts 
by the moiſture or dryneſs of the air; by this means the index 
BC turns about, and ſhews the degrees of drought or moiſture 
on the circumference DC. 


Ex. LXXVII. 


A windmill. AHO the upper room, HOZ the under one. 
AB the axle-tree, going quite through the mill. STV _ 
| | co 
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covered with canvaſs, ſet obliquely to the wind, and going about v1 . 
in the order STV, their length about 6 yards, and breadth 23 266. 


CD the cog-=wheel, of about 48 cogs, a, a, a, which carries the 
lantern EF, of 8 or 9 rounds, c, c; and its axis GV; 1K the 
upper ſione or runner; LM the lower one; QR the bridge, ſu 

porting the axis or /pindle GN. The bridge is ſupported by 
the beams cd, XY, wedged up at c, d, and X; Z the lifting 
tree ſtanding upright : ab, % levers, whoſe centres of motion 
are Z, u; fghi a cord with a ſtone i, for a balance, going about 
the pins gb. The ſpindle M is fixed to the upper ſtone IA by 
a piece of iron called the rind, fixed in the under fide of the 
ſtone. The upper ſtone only turns about, and its whole weight 
reſts upon the bridge R, and turns upon a hard ſtone fixed at 
N. The trundle EF and axis Ct may be taken away, for it 
fixes on the lower part at t, by a ſquare ſocket, and the top 
runs in the edge of the beam w. Putting down the end / of 
the lever fe raiſes 4, which raiſes ZV, which raiſes FTA, and 
this raiſes the bridge QR, with the axis NG, and the upper ſtone 
IK; and thus the ſtones are ſet at any diſtance. The lower ſtone 
is fixed immoveable upon ſtrong beams, is broader than the up- 
per, upon which boards are placed round the upper at a ſmall 
diſtance, to confine the flour from flying away, and the flour 
is conveyed through the tunnel no down into a cheſt; P is the 
hopper into which the corn is put, which runs along the ve or 
ſpout r into the hole 7, and ſo falls between the ſtones where 
it is ground. The axis Gt is ſquare, which ſhaking the ſpout 
as it goes about, makes the corn run out; rs a ſtring going 
about the pin s, which being turned about, moves the ſpout 
nearer or further from the axis, and ſo makes the corn run in 
faſter or ſlower, according to the wind; and when the wind is 
great, the ſails S, T, V, W are only part of them, or one ſide 
of them, covered, or perhaps only a half of two oppoſite fails 
7. W are covered. Towards the end B of the axletree is placed 
another cog-wheel, trundle, and ſtones, with exactly the ſame 
apparatus as before; and the axle carries two pair of ſtones at 
once; and when only one pair is to grind, the trundle EF and 
axis Gf is taken out from the other; xy/ is a girth of pliable 
wood, fixed at the end x, and the other end / tied to the lever 
kn, moveable ahput æ; and the end m being put down draws 
the girth-xy/ cloſe to the cog-wheel, and by this means the mo- 
tion of the mill is ſtopt at pleaſure; pq is a ladder going into 
the higher part of the mill. The corn is drawn to the top by 
means of a rope going about the axis AB, when the mill is going. 
5 Gg n 


226 


DESG RIPTION or g 


148. In mills built of wood, the whole body of the mill turns 


266. 


267. 


round to the wind, on a tampin or perpendicular poſt ; but in 
thoſe of ſtone only the upper part turns. The roof is the ſur. 
face of a cone; there is a wall-plate of wood upon the top of | 
the wall. In this a channel is cut quite round, in which are 
ſeveral braſs rollers. The roof has a wooden ring for its baſe, 
which exactly fits into this channel, and the roof is eaſily moved 
round upon the rollers by help of a rope and windlaſs. | 
In the wooden mill, 1 is the mill-houſe, which is turned 
about to the wind by a man, by help of the lever or beam 2; 
3 is a roller to hoiſt up the ſteps 4. 
Concerning the poſition and force of the fails, ſee Ex. 21 


before. | 5 
| Ex. LXXVIII. 

AB a force pump. C the piſton fixed to the rod EC, move. . 
able about E; DF the handle moveable about D; a, 4, two 
clacks or valves opening upwards. The piſton C muſt move 
freely up and down inthe barrel and exactly fill it, that no air 
get in: It is made cloſe by circular pieces of leather cut to fit 
the barrel, and ſcrewed cloſe between pieces of braſs. This 
pump acts by preſſing down; for when the handle F is raiſed 
it raiſes the piſton EC, and the water riſes from H, opens the 
valve 4, and goes into the barrel, at the ſame time the valve a 
thuts; but when F is put down, the piſtion C preſſing upon 
the water, ſhuts the valve 4 and opens a, and forces the water 
that has been raiſed, through the pipe BG. The piſton C muſt 
not be above 30 feet from the water in the well. | 

LM is another force pump, or a lifting pump. N the bucket; 


4, b, c valves opening upward. This pump is cloſe at the top 


S, and the ſmall rod of iron plays through a hole made n 
with leather. This pump acts by forcing upwards, for w 

the handle P is put down, it lifts up the bucket N, the preſſure 
ſhuts the valve b, opens c, and forces the water in the barrel 
M along the pipe QR. At the ſame time the valve à opens 
and lets in more water from M into the barrel; and when P 
is raiſed N deſcends, the valves a c ſhut, and & opens, and 
lets more water paſs through the bucket M, into the upper part 
and when the bucket N is drawn up again, the water is fore 

along the pipe OR as before. This pump is the ſame as a lift- 
ing pump, only there is added the valve c, which is not abſolutely 
neceflary. No hole or leak muſt be ſuffered below the piſton of 
bucket, for air will get in, and ſpoil the working of the pump; 
and the bucket muſt always be within 3o feet of the water. 
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In theſe pumps, the bore at H or M. through which the water v 1 0. 
riſes, ſhould not be too ſtraight ; the wider it is the faſter the 268. 
water aſcends; nor ſhould the pipe BG or R, that diſcharges 

the water, be too ſtraight, for then the pump will work flower, 

and, diſcharge leſs water in a minute, or require more force to 

work it. For the calculation of a pump, ſee Ex. XXII. - 

There are ſeveral ſorts of valves uſed in pump. work; as T, V, 

V; that at T being made of two pieces of flat leather, is called a 

clack; thoſe at V, are made conical, or of any indented 

figure, and fit exactly into a hole of the ſame ſhape. At the 

bottom of the valve is a pin e 


— 


put acroſs it, to hinder its flying 
CI, 88 2 + 2971 


quite out of the hole. l 
Ex. LXXIX. 


Az a bydrometer, to meaſure the denſities of liquors, eſpecially 269. 
ſpirituous liquors. This is a hollow ball of glaſs, 'B, partly 
filled with quickfilver or ſhot, and hermetically ſealed at the top 
A, when made of a due weight, by trials; the ſmall tube AB 
is divided into equal parts, and graduated at equal diſtances; 
and theſe diviſions noted to which it ſinks in different fluids of 
the beſt ſorts; which points muſt be taken as ſtandards to com- 
pare others with; then if the hydrometer be immerged in any- 
fluid, and the point to which it ſinks in the ſurface be marked, 
it ſhews the denſity of it, and its goodneſs ; for it ſinks deepeſt | 
in the lighteſt liquor; and the lighteſt liquids are the beſt. 
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AB is a thermometer, to meaſure the degrees of heat; B is a 270. 
glaſs ball with a long neck AB, The ball and part of the neck 
is filled with ſpirit of wine tinged red with cochineal, and the 
end 4 is ſealed hermetically ; in the doing of which, the end of 
the tube A, the ſpirit and included air, are heated, which rare. 
fies the air and ſpirit ; ſo that when the end A is ſealed, and the 
tube cools, the Fire contracts, and there is a vacuum made in 
the top of the tube; and therefore the ſpirit expanding and 
contracting by heat and cold, has liberty to riſe and fall in the 

tube. This ball and tube is encloſed in a frame, which is divid- 
ed into degrees; then as the top of the ſpirit riſes or falls, the 
diviſions will ſhew the degrees of heat or cold. Theſe diviſions 
are arbitrary, and therefore two thermometers will not go toge- 
ther, or ſhew the ſame degrees of heat and cold, except they 
be made to do ſo by graduating them both alike by obſervation. 
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here are other ſorts of thermometers-. CD a ball with 2 
long eck open at the end D, partly filled with tinged ſpirit of 
wine, and put with the open end into the veſſel D, near the bot 
tom, whieh- veſſel is half full, or more, of the ſame ſpirit; the 

top of the tube & is air: ſo in warm weather, when the air 
in Cis rarefied by heat, it preſſes the ſpirit down into the bucket 
D, and as the point E deſcends,” the diviſions being marked, 
ſkew the degree of heat; or when it aſcends, the degrees of cold. 
But this ſort is affected with the prefſure of che atmoſphere, 
and therefore is not ſo true. . e 16 09 21 
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271. DA is an artificial fountain. AE a ſtrong cloſe veſſel of me- 


tal; AB a pipe reaching near the bottom of the veſſel, and ſol- 


dered cloſe at A; F, A two cocks, If the cocks: be opened and 


water poured. in at A, till the veſſel be about half full; then 
ſtop: the cock F, and with a ſyringe inject the air at A, till it 
be ſuffictently condenſed within the veſſel; then ſtop the cock 
at A, and take away the ſyringe; then as ſoon as you open the 
cock at A, the compreſſion of the air at C will force the water 
up the tube BA, and ſpout up to the height D; and a little 
ball of cork may be kept ſuſpended at the top of the ſtream D. 
But an artificial fountain is moſt eaſily made thus: take a 
ſtrong bottle G, and fill it half full of water; cork it well, 
and through the cork put a tube HT very cloſe, to reach near 


the bottom of the veſſel ; then blow ſtrongly in at H till the 


0 a 


air in the bottle be condenfed, then the water will ſpout-out at 


H to a great height. .. 145 „ ry = 
. 1 Any, of theſe-fountains placed in the ſun-ſhine-will ſhey all. 
che colours of the rainbow, a black cloth being placed behind, 


Ex. LXXXII. 


: is Archimedes's water-ſcrew. This is a cylinder turning 
e CD. About this cylinder there is twiſted a pipe, 
or rather ſeveral pipes uo, pg running ſpiral ways from end to end. 
This cylinder is placed higher at one end D than at the other; 
and its uſe is to ſcrew up the water from the lower end to the 
higher. AB is a river running in direction AB; a, b c, d ſeve» 
ral floats. fixed to the cylinder; EF the ſurface of the water. 


Since the cylinder ſtands in an inclined poſition, the upper m 
2308 
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4, B, are ſet out of the water, and the under ones c, d within itʒꝭ v1 G. 
ſo that the water acts only upon the under ones c, d, and turns 272% 


about the cylinder in the order a, 6, c, d; by this motion the 
water taken into the ſpiral tubes at the low end, is by the re- 
volution of the cylinder, conveyed through theſe pipes, and diſ- 
charged at the top into the veſſel G. If A B is a ſtanding water, 
there is no occaſion for the floats @ œ c d, and then the cylin- 
der is to be turned by the handle at D: Inſtead of the pipe, 
2 ſpiral channel may be cut round the cylinder, and covered 
cloſe with plates of lead. The cloſer theſe ſpiral tubes are, the 
more water is raiſed, but it requires more force; alſo the more 
the cylinder leans, the more water it carries, but to a leſs height. 


Ex. LXXXIII. 


AL is a rolling-preſs, for copper- plate printing. DE, FG, 
two wooden rollers, of about 12 or 16 inches diameter, runni 
upon the ends of two ſtrong iron axles, that go quite tees 
them, and are fixed in them. To the axis of the upper one 
DE, is fixed the handle BAC. "Theſe rollers run in braſs fock- 
ets, and muſt run very true upon their axles, and may be brought 
near, or ſer further from one another, by wedges, in the frame 
at P, R. HIK is a flat table or plank, going in between the 
rollers, and ſliding freely upon the frame. LM the frame. W 
a ſhelf to lay the paper upon. When the preſs is uſed, the up- 
per roller is folded round with flannel, that every part of the 
print may take an equal impreſſion; and a paper bottom, ſpread 
upon the table HIK, where the plate is to lie, to prevent the 
indenting of the plank; then warming the plate well over a 
charcoal fire, and rubbing it with the ſort of ink proper for it, 
and laying it upon the paper bottom, on the table at H; take 
the printing paper and laying it carefully upon the plate, and 
turning the handle CAB, the motion of the roller DE turns the 
roller FG, and draws the table through between the rol lers, to- 
gether with the plate and paper; and the paper is printed. 

Note, the paper muſt be thoroughly wetted in a trough; 
and after it has laid about a day or two, it is then to be paſſed 
through a fcrew-preſs, to ſqueeze the water out, and then it is 
fit for printing. l e 

The ink made uſe of for printing copper- plates, is made of 
the ſtones of peaches and apricots, the bones of ſheep's feet, 
and ivory, all burnt ; this is called Frankfort black. This muſt 
be well ground witch nut oil, that has been well boiled; u 


as 
res then it iu fit for uſe. But the beſt ink is ſaid to be brought 
273. from Holland. n 
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Ex. LXXXIV. 


The fire engine to raiſe water. LL is a great beam or lever, 
about 24 feet long, 2 feet deep at leaſt, and near 2 feet broad; 
it lies through the end wall V of the engine houſe, and moves 
round the centre a, upon an iron axis. (Ca hollow cylinder of 
iron, 40 inches diameter, or more, and 8 or 9 feet long. P the 
piſton ſuſtained. by the chain LP. F the fre- place under ground. 
BB the boiler. 12 feet diameter, which communicates with the 
cylinder, by the hole 2, and throat-pipe E, 6 or 8 inches dia- 
meter; the boiler is of iron, and covered over cloſe with lead; 
in this, the water is boiled to raiſe a ſteam : 45 is the regulator, 


being a plate within the boiler, which opens and ſhuts the hole 


of communication 2; this is fixed on the axis 34 coming through 
the boiler, on which axis is fixed the horizontal piece þ 3, called 
the /panner; ſo that moving h back and forward, moves the 
plate 45 over the hole 2, and back again: / is a horizontal 
rod of iron, moveable about the joint : xyed! a piece of iron, 
with ſeveral claws, called the wye, moving about the axis de, in 
a fixed frame. The claw s/ is cloven at /, and between the two 
paſſes the end of hi, with two knobs to keep it in its 
place. AA is the working beam, in which is a ſlit, through which 
the claws xy paſs, and are kept there by the pin q going between 
them. DDD is a leaden pipe, called the inje#1on pipe, carrying 
cold water from the ci/ftern S, into the cylinder CC, and is 
turned up at the end within the cylinder: F the injeftion cock, 
to which is fixed the iron rod /g, lying horizontal: the end g 
goes through a ſlit, in the end of the piece rg, and on the end is 
a knob ſcrewed on, to keep it in: pcbrg a piece of iron with 
ſeveral claws called the %, moveable about the axis bc: the 
claw rp goes through the lit in the beam AA, and is kept there 
by the two pins o, : the claw rg goes over the piece g -as the 
piece g/ is moved back and forward, the injection cock / opens 
and ſhuts : 1, 1, Sc. are ſeveral holes in the beam AA, that by 
ſhifting the pins, ſerve to ſet the pieces p, x, y, higher or lower, 
as occaſion requires. N is the ſnifing clack, balanced by a weight 
en 594. ee to let out the air in the — at the 
ſoent of the piſton. In ſome engines a pipe goes from it to 
convey the ſteam out of the houſe. G is a leaden pipe, called 
the /iaking pipe, ar educlion pipe, going from the cylinder to * 
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bot well H, it is turned up at the end, and has a valve opening 1 6. 
upwards, this carries away the water thrown in by the cold wa- 274. 
ter pipe, or injection pipe; / is the feeding pipe, going from the 
hot well to the boiler, to ſupply it with water, by a cock open- 
ing at pleaſure; i, i are two gage pipes, with cocks, one reachi 
a little under the ſurface of the water in the boiler, the other a 
little ſhort of it. By opening theſe cocks, it is known when 
there is water enough in the boiler, for one cock will give ſteam 
and the other water ; they ſtand in a plate which may be open- 
ed for a man to go into the boiler, to clean or mend it; mis 
the puppet clack ; from this a wire comes through a ſmall hole, 
to which is fixed a thread going over a pulley, with a ſmall 
weight at it; the weight on the clack mz is about a-pqund for 
every ſquare inch; YZ the ſteam pipe going from the clack, out 
of the houſe. When the ſteam in the boiler is too ſtrong it lifts 
up the puppet clack m, and goes into the ſteam pipe YZ, by 
which it is conveyed away, otherwiſe the boiler would burſt ; 
KK a pipe carrying water from the ciſtern & into the cylinder, 
to cover the piſton to a good depth; Ia cock opening to any 
wideneſs, that the water may run in a due quantity; M a hole 
to let it out, through a pipe, into the hot-well H, when there 
is too much; VV a force pump, with a bucket and clack, and 
two valves opening upwards. This pump is cloſe at the top R, 
and being wrought by the lever LL, it brings water out of a 
pit into the ciſtern S. Q the pit where water is to be raiſed ; 
X, X, the /pears which work in wooden pumps within the pit. 
The cylinder is ſupported by ſtrong beams as 7, 8, going through 
the engine houſe; 6, 6 is the firſt floor; 7, 7 the upper floor. 
At O, in the end of the beam CL, there are two pins, which 
ſtrike againſt two ſprings of wood, fixed to two timbers, lying 
on each fide the great lever LL; theſe pins ſerve to ſtop the 
beam, and hinder the piſton coming too low in the cylinder. 
When the engine is to be ſet to work, the water in the 
boiler muſt be made to boil ſo long till the ſteam is ſtrong 
enough, which is known by opening the cocks i, i; then the 
hole 2 is opened, by moving the ſpanner h by hand; then 
the ſteam is let into the cylinder, which lets that end of the 
beam LC riſe up ; this raiſes the working beam AA, moves the 
eff prg, which moves gf, and opens the cold-water cock /; 
at the ſame time is moved the wye xly, which draws 1b, and 
ſhuts the hole 2; the cock / being open, the cold water ruſh- 
ing into the cylinder, is thrown up againſt the piſton, and de- 
ſcending in ſmall drops, condenſes the hot rarefied ſteam, and 
makes a vacuum under the piſton ; conſequently the W 
0 
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_ x1 6:6f the atmoſphere, preſſing upon the piſton, brings down the 


274. end LC; which raiſes the other end L, which works the 3 wr 
K. As the end LC deſcends, the working plug AA deſcends, 
and moving the eff, pref, and the wye, xys/b, ſhuts the cold 
water cock f, and opens the hole 2, and the ſteam goes into 
the cylinder, which takes off the preſſure of the atmoſphere ; 
and the end L deſcends by the weight of the ſpears A, A; 
and the end LC afcends as before, which opens 5, and ſhuts 2: 
ſo by the motion of the beam AA up and down, and cock , 
and hole 2, ſhut and open alternately ; and by this means of 
condenſing and tarefying the ſteam by turns, within the cylin. 
der, . the lever or beam LL conſtantly moves up and down, by 
which motion, the water is drawn up by the pumps; and de- 
livered into troughs within the pit, and carried away by drifts 
or levels; at the ſame time, the motion of the beam LL works 
the pump VR], and raiſes water into the ciſtern . | 

When the engine is to ceaſe working, the pins u, o, are taken 
2 and the cold water cock is kept cloſe ſnut, while the end 
LC is up. | f 

The diameter of the pumps within the pit, is about 8 or 9 
inches; and the bores of the pumps where the ſpears A, A, 
work, ſhould be made wide at the top, for if they be ſtrait, 
more time is required to make a ſtroke, and the barrels are in 
danger of burſting ; likewiſe if water be to be raiſed from a 
great depth at one lift, the pumps will be in danger of burſting; 
therefore it is better to make 2 or 3 lifts, placing ciſterns to re- 
ceive the water. 

292. The ſpears or rods, that work in the pumps, conſiſting of 
ſeveral lengths, are joined thus: each piece has a ſtud a, and 
a hole , which are made to fit; and the ſtuds of one being 
put cloſe into the holes of the other, and the iron collar g drove 
upon them to the middle d, they are firmly fixed N 

274. There is never made a perfect vacuum in the cylinder, for 
as ſoon as the elaſtic force of the ſteam within is ſufficiently 
diminiſhed, the piſton begins to deſcend ; the vacuum is ſuch, 
that about 8Ib. preſſes upon every ſquare inch of the piſton, or 
in ſome engines, not above 61b. This engine will make 13 
or 14 ſtrokes in a minute, and makes a 6 feet ſtroke ; but the 
larger the boiler is, the faſter ſhe will work. A cubic inch of 
water in this engine, will make 13340 cubic inches of ſteam, 
Which therefore is 15 times rarer = common air. But its 


elaſtic force within the boiler is never -2- ſtronger or weaker 
than common air; if ſtronger, it would force the water out of 
the feeding pipe. oY 
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Sec. XIII. c OMYοUND ENGINES. 


This engine will deliver 300 bogſhigads of water in an hour, x 1 6. 
to the height of 60 fathom, and conſumes about 30 buſhels 274. 


of coals-in-12 hours. ft Tic OT hne 
there is a different contrivance to open and 293. 


In ſome engi 


„ n 
188. 


« ff 1 20 N. 


ſhut the regulator, which is performed thus; as the beam QQ 
aſcends, it raiſes Gg, turns the wye CED about the agts 


ſmart blow on the 
which draws the ſpann 


AB, and the weight C falling towards B, the end E ſtrikes a 
pin L. and drives the fork FL towards E, 
er PO towards L, and ſhuts the regula- 


tor; and when the beam QQ deſcends, a pin in it puts down 


the end 4, and turns the axis AB, and the weight C deſcend- 


ing towards 5, throws the end D of the wye againſt L, which 
moves PO, and opens the regulator; the ſpanner PO ſliding 


and the 


In ſome engines there is a catch, held by alchain 


upon the horizontal piece C. There is a cord ron, fixed at 1, u, 


top of the wye O, to hinder it from going too far on 
Likewiſe, for ope 
ſtead of the pieces rg, gf of the eff (fig. 274.) ſome engines have 
quadrants of 2 wheels H, I, with teeth, which moving one the 
other, opens or ſhuts the cock F of the injection pipe K. 


ning and ſhutting the injection cock, in- 


fixed to the 


great beam, and this catch holds the eff from falling back and 
opening the cold- water cock, till the riſing of the beam pulls 


the catch up by the chain, and then the eff falls. 


A calculation of the cylinder and pu 


” 
* 


* * o 


mp of \ the fire engine, 
LN M33} C75 20-75- 6: * 
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If it be required to make an engine to draw any given num 
ber of hogſheads of water in an hour, from f fathom deep ; to 


make any number of ſtrokes in a minute, by a 6 feet ſtroke; 


find the ale gallons to be drawn at 1 ſtroke, 


found from the number of ſtrokes given. 


Let g = number of ale gallo 


Þ = pump's diameter, 


. 1 


c == eylinder's diameter. 


Then 72 V4 dE · 
And ſuppoſing the 
the piſton to be lb. 


— — 


preſſu 


1 : 


re o 


f the atmoſphere on 


ns bo be drawn a 


5 Then c D 


Note, if inſtead of 7, you ſuppoſe the preſſure of the atma- 
ſphere to be / pounds, and inftead' of a6-feetſtroke, to make 
13.0 T 


an r feet ſtroke, then p — „ LE 5g, and c 
H h 
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1 1 0. AB is the water engine to quench fire. D. E are two pumpr 
275- '5 inches diameter, having'cach a clack a, & opening upwards; 


GO a large copper air veſſel, ꝙ inches diameter; this veſſel 
ſtands upon a ſtrong plate t, 5 or 6 inches above the bottom 
of the cheſt NM. SY is braſs pipe coming through the end 
of the-cheſt at &, and at F it divides into two cavities, going 
under the copper pot CO to the two pumps E, D; the ca- 
vity V leads to the pump E; and directly above this cavity 
at V there is another cavity y, communicating with the pump 
E; and above the cavity y is placed the valve 1, opening up- 


wards into the copper. pot CO from this cavity. There arc 


the like cavities belonging to the pump D, the firſt going to 
the valve a, the other from the pump to the valve s of the 
copper pot. Theſe cavities are made of hollow pieces of braf; 
ſcrewed faſt together. Z'is a cock, through which are two paſ- 
ſages, one along the pipe SY, and another at the ſide of the pipe 
into the cheſt MM. This cock, by turning the handle ce, opens 
one paſſage and ſhuts the other, as there is occaſion. Xx a lea- 
ther pipe to be ſcrewed on the end 5, to draw water out of a 
well or river. | 

F is the conduit pipe reaching near the bottom of the veſſel 
CO, and ſoldered cloſe into the top of it. At R and O are ſcrews, 
fo that the pipe may be turned in any direction by the man that 
holds it; and at a copper pipe muſt be ſcrewed on, or elſe 
a long leather one, which being flexible is carried into rooms 
and entries; HI an iron axis, to which the iron levers FG, LK 
are fixed; this axis moves in ſockets about H, I, which are 
ſcrewed hard down; FR, GL two wooden handles fixed to the 
levers to work them by; gh, pl are two arches of iron fixed 
on the axis HI; fd, mn, the ſhanks of the piſtons, being two 
ſtrong rods of iron; fe, bt, Ig, mp four iron chains fixed at /, g,. 
and b, 4, and J, 9, and at n, p; at F and m are ſcrews to ſcrew 
the chains tight ; theſe chains work the pumps; for when FK 
is put down, the chain g pulls down the rod of the piſton d: 
and when FIA is raiſed, the chain 7b pulls it up again; 

the ſame way the chains /q, mp raiſe and dow the piſton un. 
In ſome engines there are two arches, like bg, 7p, fixed near the 
end J of the axis, and chains at them; from the ends of which, 
as alſo from : and , two boards are ſuſpended. Theſe boards 
ſerve for treadles for men to ſtand upon to help to work the 
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Set. XIII. COMPOUND ENGINES. 24% 


The veſſel as ind two pumps are incloſed in 2 cheſt A. 11 0. 
d the whole machine moveable on wheels; the fore axle- 27g. 


tree turning on à belt in the middle, for the conveniency of 
turning to either fide ;. but there are a great many forms of 
theſe engines; in ſome the lever lies croſs. over, it others 
| lengthways; in ſome there is no chain work, but only pins for 
the piſtons to move upon. 3 
| When the engine is to play, if it is by the water in à river, 
Sc. the pipe Xx mutt be ſcrewed on at &, and the end # pur 
into the water; but if water is to be fetched, it muſt of ome 
| into the cheſt M, which runs through the holes F into: the body 
| of the engine N; then turning the cock ceZ to open the pro- 
per communication, the handles FR, GL, muſt be moved up 
| and dowrr by men, by which means water is drawn into the 
| pumps E, D, and forced into the veffet CO, and out of the 
pipe PR; for the piſton un being raiſed, the water is drawn 
along the cavity Z V, through the valve 4 into the pump E; 
and when un is depreffed, the valve þ ſhuts and the water is 
forced into the cavity y, through the valve r, and into the pr | 
CO, whictr cannot return for the ſhutting of the valve 7, when 
the piſton n riſes again; and the like for the other pump D. 
Since the piſton of one pump goes down whilſt the other goes 
up, the water is forced by turns into the veſfel-CO, by theſe two 
pumps, ſo that there is always water going in; and the air 
confined at top of the veſſel at C being condenſed, will prefs the 
water up the pipe PRO, and make it flow with a continual 
ſtream. If the water in C be compreſſed into half the ſpace, it 
will force the water to 30 feet high. | | 
In ſome engines there is another pipe, as PR, coming through. * 
the copper pot, and through the fide of the engine, and theſe 
two pipes may play both at once if there is occaſion; and if 
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not, the end of one is ſcrewed up. 
Ex. EXXXVI.. 

A. fig. This is the nobſeſt machine'that ever was invented; 276. 
t is compounded, and confifts of ſo parts, that'it would 
require a: whole volume to deſcribe it. Some of the principal 
parts are thefe : 

A the hulk. E the ſtern: 

B the bow: F thee ancient ſtaff and enſign. 

the forecaſtle.. E the poop lanterm. 

D the main deck. H the ruddet; 


Hh 2 Ithe- 


236, 

r 1 0. I the "TRY * T the crane- line. 
276. & the fore- maſt 2 ̃᷑ ſhe anchor, to which "hs 
5M L the main-maſt. en r. | 

M the mizen- maſt. a | 
N rop-maſts, . | 7251 "Ba gi "Main. lifts, 
O to cm APY 4 3+ Forrbrce... _.. 

- P* falls. nes 3. Nain-top-ſail-ſhects. | 
yards. ig „ie 790 
r Fore-top-ſail-clew-lines, 

S the jack. 7; apy 6. Main-top-fail-lectch-lines, 
T the pendant. 7 7 Fore-bunt-lines. 

& , © | . Mizen-bow-lines. 

Vo -- INES Se. 1 * 4 Main-top-ſail-haliards. 

W ſhrouds. And the like for the reſt of 
A main-top-maſt back-ſtay, the ſails. 

ARR | 

Moſt of theſe ropes are for hoiſting the ſails, and ſetting them 
in a proper poſition to the wind; for the wind always Apt 
pendicularly upon the plane of any fail ; and urges the ſhi 
direction of that perpendicular ; and by the help of the ru ter 
H, ſhe is made to keep any direction required; for if the rud- 
der be put about to any ſide, the water (as the ſhip moves a- 
long) will act violently againſt i it, and drive the ſtern the con- 
trary way, or her head the ſame way, as the rudder. A ſhip 
with a briſk fair wind will fail 8 or 10 miles an hour. 

That any one fail may have the greateſt force to move a ſhip 

forward, it mult be ſo placed between the point of the wind and 
the ſhip' s way, that the tangent of the angle it makes with the 
wind, may be twice the tangent of the angle it makes with the 
ſhip's way. 

When the rudder is ſet to an angle of 544 deg. with the keel, 
it has the greateſt force to turn the ſhip, and make her anſwer | 
the helm. 

301. Becauſe the figure of a ſhip is the cauſe of her going well or 


2 DESG kuk: 11 ON um #4 


ill, and of making more or leſs way through the water: I ſhall 
here give the conſtruction of the fore part of a veſſel that will 
move through the water with the leaſt poſſible reſiſtance. 

Let Da AcC be the water-line, or horizontal ſection of the 
water and the hull of the ſhip, AB 30 feet, CD the greateſt 
breadth 20 feet, BC 10 feet; Ae E the ſtem and part of the 
keel; then the following table ſhows the length of every or- 
Uinate, as bc, taken at the diſtance Ab, or 1, 2, 3, Cc. feet from 
A, by which the curve AcC is determined. | 

Length 
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| EEE SSD h ro. 
length | length length length 301. 

of Ab |-of bc || of Ab | of bc | 
in feet | in feet || in feet | in feet 
| 1 | 0-90 | 16 | 6.36 
2 | 1-48 I7| 6.64 | 
3| 1-96 18 | 6.92 
4 | 2-39 I 
5 22220 7-46 
6 5-17 Br > 7.73 | 
7. | 22 229 
$ | 3-39 27 | „ 
e 0.5 
|" 10|[_4:55 |__25'|__ 8-76. 
11 4.87 26 9g.or. 
123 $8 27 | 9-26 
13 $.48 28 9.51 
| 14% -29 9.76 
15 | 6.07 30 | 10.00 


7 


The practice is thus : having made AB — zo feet, and accord- 
ingly divided it into 3o equal parts; at the ſeveral points of 
diviſion, erect perpendiculars to AB, equal to the lengths given 
in the 2d column of the table ; the curve AcC drawn through 
the ends of all the ordinates is the figure of the ſhip on each fide. 

The curve AeE which the ſtem and keel make muſt be the 
ſame curve as AcC; if the depth BE is ſuppoſed equal to BC, 
and the ordinates, he, BE muſt all be drawn perpendicular to 
AB ; but if the depth BE be taken greater or leſſer than BC, 
then the ordinates muſt be taken greater or leſſer in proportion. 

Again if CDE be the ſection of the ſhip, made perpendicular 
to the axis AB, or horizontal plane CAD,' and ced be any other 
ſection parallel to it; then whatever the curve CED is, all the 
ſections ced muſt be ſimilar to it. 

If a ſhip is required to be built either greater or leſs than this, 
then it is only taking a greater or leſs length inſtead of a foot, 


and dividing it decimally, and uſing it inſtead of a foot, to mea- 


ſure off the lengths as in the table. 

Likewiſe if it was required to have the breadth to be greater 
or leſs than is here aſſigned, whilſt the length remains the ſame, 
then it is only taking a proportionally greater or leſs line, in- 
ſtead of a foot, and ſetting off the ordinates bc by that I. 

| | . thus 


— 


51 O thus the 
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requifites may be altered at pleaſure, ftill retaining 


305. the 8 conftruction. - 6 
I any ſhip carpenter thinks fit to build a ſhip according to 
this model, it will be found to moe faſter through the water, 
than any other ſhip of the fame: length, breadth, and depth, and 
of a different form. The form of the curve is truly repreſent. 

ed by the curve AC. Ti | 
But it muſt be obſerved, that the curve at C the broadeſt 
part, is not perpendicular to the erdinate BC, but makes an 
angle of about 76 degrees; to:avoig this, it will be proper to 
produce AZ a little further, and turn the fide AC, at C, round 
in a curve, as quick as paſſible; or elſe make the 2 or 3 laſt 
perpendicular ardinates, ſomething leſs than in the table, that 


the part of the curve at C may be in a paralleliſm with AB, as it 


ee ber © ir the hroade® pare: | 

But though the form here given, is the moſt proper for fail. 
ing faſt, yet perhaps it may not be ſo commodious as the com- 
mon form, upon other accounts, as for the ſtowage of goods, 
Sc. Yet privateers and ſhips of war made to purſue the enemy, 


ought to be 


built as near this form as they can conveniently ; 


for it is a matter of * moment, either to have it in our 


wer to come up wi 


a ſhip we are able to take; or elſe to 


y from and eſcape from one of ſuperior force. 
That a ſhip may ſteer well, the water ought to come freely 
and directly to the rudder, and therefore ſhe muſt not be too 
fhort from the midſhip to the ftern, and towards the ftern ſhe 
muſt riſe well, and be built very thin below, leſſening gradually 
to the ſtern poſt ; likewiſe ſhe muſt draw conſiderably more 


water abaft 
rolling, ſhe 
dead work, 
fancy of the 


than afore; to carry a good fail, and alſo to avoid 
muſt be made pretty deep in the hold; as to the 
or upper part of the ſhip, that may be left to the 


builder; or contrived to anſwer ſuch conveniences . 


as may be wanted. 


Ex. LXXXVIT. 


277. AT an air gump. C, D, two: braſs cylinders, 2 or x inches 
diameter, and a foot high, having two valves at the bottom 
opening upwards ; /, 1, two piſtons working in the cylinders, 


having two valves alſo 


upwards ; FF a handle going 


opening 
upon the axis of the wheel or lantern E, which wheel by the 


teeth moves the racks G, C, 


and: by them the piſtons, wathin 


the cylinder or pumps; Af a table or plate ſupported by the 


piltars J, J, 


1, I; H the receiver of glaſs, which by the * 
pi 


l 
| 
| 
| 
| 


pipe of braſs none, called the ſwan's neck, communicates with x x G. 
the cylinders by means of a hollow braſs pipe PQ, into which 27. 
the ſwan's neck paſſes ; rrs a mercurial gage, being a glaſs tube 
ſtanding in the bucket of mercury s, and communicating with 
the pipe no; & a cock under the table AB to let air into the 
pipe no, and ſo into the receiver when there is occaſion. 

When the air is to be drawn out of the receiver H a wet 
leather is placed over the plate, and upon that the receiver H; 
then raiſing the right hand F, the piſton ? of the barrel D is 
raiſed, which takes off the weight of the atmoſphere, conſe. 
quently the air paſſes out of the receiver H, through the ſwan's 
neck no, and through the hollow brafs P, through the valve 
into the cylinder D; then the right hand F put down, the 
valve at bottom of the cylinder D ſhuts, and the air paſſes 
through the valve at ; at the ſame time that the left hand be- 
ing raiſed, draws the air from the receiver, through 20, through 
the valve into the cylinder C; ſo that by the motion of t 
handle FF up and down, the air 1s at length drawn out of the 
receiver H, by the pumps C, D; ana the rarity of the air within 
the receiver, is known by the height of the mercury in the tube 
rs, Which is known by the graduated frame; an abſolute va- 
cuum can never be perfectly made; for when the ſpring of the 
air is ſo weak, as not to be able to lift up the valves at bottom 
of the cylinders, no more air can be drawn out. | 

The handle F is lately made to turn always one way; thus 278. 
A is a crank turned by the handle F; NN the leader or ſword 
going over the pin I, in the wheel E; whilſt the crank A is 
riſing, it raiſes the ſide & of the wheel, and when the crank 
deſcends, it thruſts down the ſame ſide & of the wheel R fo 
—— are alternately raiſed and depreſſed as the crank goes 
about, 

There are ſeveral ſorts of glaſſes made uſe of for the air pump; 29. 
As A a receiver open at top, covered with a braſs plate and 
oiled leather at D, and kept down. by the croſs piece EF, ſcrewed 
down upon the pillars BC, which pillars are ſcrewed into the 
table AB of the air pump. 

Ha receiver open at top, with a plate and collar of wet lea- 280. 

ters K, through which goes the ſlip-wire GI, ſo tight as to let 
no air in; this ſerves to lift any thing up by the hook 7. 

MP is a transferrer; N is a plate and leather, on which 
ſtands the receiver M; NP a hollow tube going through the 
plate; O a cock to open or ſhut the paſſage ; the cock O be- 
ing open, and the air exhauſted by the pump, and then =_ 
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y 7 6; cock being ſhut, the receiver and pipe may be'ta en away from 
280. the air pump, the vacuum remaining in L. 


D ESCRIPTION or 


L a receiver cloſe at the top, with infinite others of like 
Ex. LXXXVII. 


281.  London-bridge water-works ; AB the axis of the water-wheel 


CD, which wheel is 20 feet diameter, and the axis 3 feet, and 
19 feet long; E, E, 26 floats 14 foot broad; G a ſpur wheel 
fixed to the axis AB, 8 feet diameter, 44 cogs of iron; this 
moves the trundle H, 4+ feet diameter, and 20 rounds; HI its 
iron axis; IK a quadrupte crank of caſt iron 6 inches ſquare, 
each crank being a foot from the axis; the crank is faſtened 
to the axis at I, by help of a wedge going through both, which 
cauſes the crank to turn; IL, IL, four iron ſpears belonging to 
the cranks, and fixed to the 4 levers MN, 3 feet from the ends; 
which/ levers are 24 feet long, moving on centres in a frame of 
wood; P, P, four force-pumps of caſt iron, wrought by four 
piſtons or rods NP; theſe: pumps are 7 or 8 inches diameter, 
having valves opening upward ; O a hollow trunk of caſt iron, 
to which the pumps are cloſe fixed; Q a ſucking pipe goi 

into the water; R, R, four hollow pipes, J inches diameter, 

cloſe fixed to the lower part of the pumps ; theſe pipes are cloſe 
ſcrewed to the hollow iron trunk &, into which 4 valves open; 


Ta: pipe communicating with the trunk &, through which the 


water is forced to any height; there are alſo four forcers placed 
at the 'ends M, M, of the levers M, N, and working in four 
more pumps, to which belong other trunks and pipes, O, 0, 
NR, S; at Þ the other end of the axis, there is placed exactly 
the ſame work as at A, ſo that, the great wheel CD works 16 
pumps ; there is alſo a machine made of cog-wheels and trun- 


. dles, contrived to raiſe the great wheel as the tide riſes ; the 


great wheel will go at any depth of water, and as the tide turns, 
che wheels go the ſame way with it, but ſtand ſtill at high and 


low water. | 
As the great wheel is carried about by the tide, it carries 


round the ſpur-wheel G, which carries the trundle ¶ with the 


cranks 1K, which by the ſwords IL, move the levers MN; when 
the end M is pulled down, MN is raiſed with the piſton NP in 
the pump P, by which means the water is drawn out of the 
river through the pipe O, into the pump P; and when N 
deſcends, the valve ſhuts, and the water is forced through the 
pipe R, through the trunk &, and along the pipe T into the 
town; and when M& riſes up again by the motion of the _ 
t 
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* the valve in & ſhuts, and that ones opens, and more yr d. 
7 water riſes through the pipe Q into the pump P; and as the 28 f. 
2 cranks ſtand every way, there is always water riſing in ſome of 


the pumps, and ſome always forcing through R, 8, T. When 
the tide is ſtrongeſt the great wheel goes 6 times round in a 
minute. This engine is ſaid to raiſe 30 or 40 thouſand hogſ- 
heads of water in a day. | | 


Ex. LXXXIX. 


The pile engine for Weſtminſter bridge. A the great cog-wheel 28 3. 
fixed to the great ſhaft D; MO a trundle and fly turned by 
the cog-wheel, this is to prevent the horſes from falling when 
the ram is diſcharged ; B the drum or barrel on which the great 
rope is wound; C a leſſer barrel on which the rope Lis wound, 
carrying the weight N; the uſe of this is to hinder the follower 
from falling too faſt ; the barrels BC are moveable about the 
great axis D; the cog-wheel and barrel B are fixed together 
by the bolt F, going through the cog-wheel into the batrel; 
ET is a lever moveable about 1, going through the great ſhaft 
D; this lifts up the bolt F, the end E being made heavier by a 
weight, by which means it locks the barrel B to the great wheel 
A; KI the forcing bar going into the hollow axis of the great 
ſhaft D; this reſts upon the lever EI; XY a great lever move- 
able about 3, the end X being heavier, which with the end Y 
preſſes down the bar KJ, thruſts down the end of the lever at 
J, and lets the bolt F deſcend, to unlock the barrel C; Za 
rope fixed at A, and going up through the guides at R; GK a 
crooked lever moveable about 2, the roller at the end G beii 
preſſed with the great rope, forces the end & againſt the 8 
at &, and hinders the bar KT from aſcending. en the rope 
H flackens, the ſpring 7 forces the end K from the carch, and 
the bar KI aſcends. H the great rope going round the barrel 
B, over the pulley P, up to the top and over the pulley Q, 
then down to the follower, where it is fixed; T the ram that 
drives the piles; & the follower, in which is fixed the tongs V, 
moveable about the centre; Y/ the guides between which the 
ram falls; at the inſide of the guides at R, where they are 
faſtened together, there are two inclined planes; at the bot- 
tom of the follower is a flit to receive the handle 6 of the ram 
T. to be taken up by the tongs V. a, b, c, d timbers for horſes 
to draw at, in direction abcd. | IF 

As the horſes go round, the great rope H is wound about the 
barrel B, and the follower & and ram T are drawn up, till the 


171 - tongs 
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r 1 e. tungs come between the inclined planes, which ſqueezing the 


283. 


284. 


ends 4 4 together, opens the end 5, and lets the ram fall down; 
then the follower & taking hold of the rope Z, raiſes the end 
A, and depreſſes the end Y of the lever XY, which thruſts 
down the bar KJ, which thruſts down the end FI of the lever 
EI, with the bolt F, and unlocks the barrel B, which turning 
about the axis, the follower S deſcends by its weight, till it comes 
to the ram T, and the end 5 of the tongs ſlips over the handle 
6 of the ram; then the rope H ſlackens, and the ſpring 5 
forces the end K from off the catch at top of the bar XI, and 
lets the bar riſe, and the weight E raiſes the bolt F, and locks 
the barrel B to the wheel A, and the horſes ſtill going about, 
the end 5 of the tongs takes hold of the handle 6, and the ram 
T is taken up as before. | 

All this machine is placed upon a boat which ſwims upan the 
water, and ſo is eaſily conveyed to any place deſired. 


Ex. XC. 


GH a blowing wheel. AB, CD an iron croſs ; to this is fixed 
the circle of iron EF; to theſe are fixed 12 leaves I, I I. 
which reach no nearer the centre than the iron circle; 1, 1, 1 
are holes, through which the air paſſes into the cavities between 
the leaves; there is the ſame croſs and iron circle on the other 
fide, but without any hole ; through the centre of both fides 
is put an iron axis and fixed there, and on the further end a 
handle is put to turn it by ; this wheel is incloſed in a caſe 
which juſt touches the edges of all the leaves; but the rim or 
out edge AA is at a ſmall diftance from the ends of the leaves; 
on this ſide or flat of the caſe there is a hole left againſt the 
holes 1, 1, to let the air through ; the other flat is cloſe; LM 
is the ſucking pipe, being a tube fixed upon the caſe, ſo as to 
communicate with the cavities by the holes 1, 1; G is the 
blowing pipe, and is another wooden tube communicating with 
the inſide of the caſe ; the axis turns upon two concave pieces 
of metal fixed to the caſe, the handle being on the back-fide of 
the figure; abcd is a thin ring of wood faſtening the leaves all 
together, and the like on the other ſide; on theſe rings are 
put two circles of blanketing to go cloſe to the caſe, and alſo 
upon the iron circle EF. 

The frame being fixed, and the handle turned about in the 


order BCAD ; the motion of the leaves moves the air very 


ſwiftly to the outſide, which being confined by the rim, is forced 
in a tangent along the tube G, whilſt new air aſcends ” 
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the ſucking pipe LM, paſſes through the hole in the frame, and r 1 6, 
through the holes 1, 1, into the cavities between the leaves, and 284. 
ſo is thrown out of the wheel 3 the blowing pipe 6. 

If the pipe LM be continued to the place where any foul air 
is, it may ſoon be thrown out through the tube G, and diſ- 
perſed abroad; or if the tube LM communicate with the freſh 
air, and G with any cloſe room, freſh air may preſently be in- 
jected into the room. | 


Ex. XCI. 


AB an artificial fountain to play with either end up. Aand 285. 
B two cavities; FO, KB two open pipes, fixed to the baſons at 
K and O; Hand CDE two curve tubes open at both ends; 
when the fountain ſtands on the end A, pour water in at O; 
then turning the fountain like an hour glafs upon the end B, 
the water will deſcend through the pipe CDE, and ſpout out at 
E; the air paſſing up the pipe OF to give it liberty ; the 
water falling down upon the bath EK, runs through the pipe 
KB into the cavity B; and the fountain being turned, the 
water will deſcend through GHZ, and ſpout out at I as before; 
and fo being turned, it will play a-freſh as often as you will. 

Note, while the jet E is playing, if the end O of the pipe FO 
be ſtopped with the finger the jet will ceaſe playing, which 
being taken off it will begin again, and ſo may be made to 
play or ſtop at pleaſure. | 
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Ex. XCII. 


AP a water barometer. AD is a ſmall tube open at both ends, 286. 
cemented in the neck of the bottle CE ; then the bottle being 
a little warmed to drive out ſome of the air, the end A is im- 
merged in water tinged with cochineal, which goes into the bot- 
tle as it cools; then it is ſet upriglit, and the water may be made 
to ſtand at any point B, by ſucking or blowing at A4; this is 
a very ſenfible barometer ; for if it be removed to any higher 
place, a very ſmall decreaſe in the air's gravity will make the 
water rife ſenfibly in the tube. This may be made uſe of to find 
the level of places; but it is ſubject to this inconvenience, that 
it is a thermometer as well as a barometer, the leaſt alteration 
of heat raiſing the water in the tube ; to prevent which it muſt 
de incloſed in a veſſel of ſand, and then the air included in the 
bottle will retain the ſame degree of heat, at leaft for a ſmall 
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710. ADOF is 2 jet d'eau. AB the reſervoir where the water is | 
287. kept; CDJIO the pipe of conduct, which conveys water from | 


DESCRIPTION or - 
Ex. XCIII. 


/ 


the reſervoir ; O the cock, or adjutage, being a ſmall hole in 
a thin horizontal plate, fixed upon the end of the pipe, 

which the water flows; OF the jet of water, ſpouting up through 
the hole O, which deſcends again in the ſtreams FE and FH; 
OF the height of the jet; AG the horizontal height of the wa- 
ter in the reſervoir. If the part LIO of the pipe of conduct be 


buried under the ſurface of the water KH, and be inviſible, the 


jet will ſeem to riſe out of the water KH, as in many artificial 
fountains. | | [5 „ TO 
The adjutage is ſometimes made conical, but the beſt ſort for 
ſpouting higheſt is a thin plate with a hole in it. The bore of 
adjutage ought to increaſe with the height of the reſervoir, 
and the larger the adjutage the higher the jet will go, provided 
the pipe of conduct large enough to ſupply it with water. 
Pipes of conduct ought not to be made with elbows, but to turn 
off gradually in a curve as DIO. The diameters of pipes of con- 
duct ought at leaſt to be 5 or 6 times the diameters of the _ 
tage, or elſe it will not ſpout ſo high. If a reſervoir be go feet 
high, and the adjutage half an inch, the pipe of conduct 
ſhould at leaſt be 3 inches; or if the adjutage be an inch, 
which is better, the pipe of conduct muſt be 6 inches; and in 
theſe caſes the jet will riſe to the greateſt height it can have. In 
ang the diameter of the adjutage ought to be nearly as the 
quare root of the height of the reſervoir ; and if you would 
have the velocity in the pipe of conduct to be the ſame at all 
heights of the reſervoir, that the friction may not increaſe too 


much, then the ſquare of the diameter of the pipe of conduct 


muſt be as the cube of the diameter of the adjutage. When 
water is. carried a great way through pipes, the friction of the 
pipes will diminiſh its velocity, and the jet will not rife fo high. 

A jet never riſes to the full height of the reſervoir. If the 
height be 5 feet 1 inch the jet will only riſe to 5 feet; thus 
the jet OF wants the ſpace FG of the height of the reſervoir ; 
and the defect FG is as the ſquare of the height of the reſervoir 
OG; but ſmaller jets fall ſhort more than in that proportion, be- 
ing more retarded by the reſiſtance of the air. The greateſt jets 


never rife feet high ; for the velocity is ſo great, that the 


water is diff ted into ſmall Qrops by the reſiſtance of the Alr- 
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If a ball of cork or light wood be laid at F, it will be ſuſpended v 1 0. 
by the pillar of water, and play there without falling. 2287. 


Ex. XCIV. 


AGE is a compound ſteclyard, for weighing vaſt weights; 1G, 288. 

| CK two levers att about B and 2.42 MB — fixed 

pieces; AC a croſs bar ſupporting the end C, and moveable 

about the pins A and C; the centre of gravity of {G and A4 is 

in B, and of CK and the hook DN, in E; H the weight to be 

weighed; F the counterpoiſe moveable along the graduated 

lever BG ; the machine is hung upon the hooks at L, M: 

here the power F is to the weight H, as ABx DE to CEX BE. 


\ . ms XCV. 


ABC is a horſe-mill to grind corn; C the ſpur-wheel! having 294. 
72 cogs ; B the /antern of 7 rounds ; A the bopper, E the ſove ; 
F, C, the two mill-flones ; H a lever or arm 8 feet long, going 
into the axis D of the great wheel ; I the traces to which one 
or two horſes are yoked ; as the horſe goes about in the path 
1 2 3, he draws the arm H, which turns the great wheel C, and 
this drives the trundle B with the upper ſtone F, which grinds 
the corn; the corn is put into the hopper A, and falling into 
the ſhoe E, runs through a hole at top of the ſtone F, and in 
between the ſtones where it is ground ; KL is the upper floor ; 
the whole is within the houſe. 


Ex. XCVI. 


AB a lifting-flock, ſet perpendicular; its uſe is to raiſe a great 295. 
weight; LO is a ſlit going through it, in which there moves 
the lever CD; 11, KK two ſets of holes ; into which go the 
pins G, H; when the weight is to be raifed, it is hung on 
the hook and chain at the end D of the lever; and the pin 
CG being put into the firſt hole I; and the end C being put 
down, the other end with the weight is raifed, and then the pin 
H is put into the ſecond hole X under the lever; then the end 
C being raiſed to E, the pin G is put into the ſecond hole J. 
Then E being put down to C, and the end F raiſed, the pin H 
1s put into the third hole X; the lever and pins being thus 
hifted from hole to hole, the weight A/ is by degrees raiſed up- 
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Ex. XCVII. 


4 8. A bob gin, for raiſing water; AB a large water-wheel cried 


296. 


by the water V; C and D two cranks, upon the axis, on each 
ſide the wheel, lying contrary ways; EF, GH two pieces of 


timber moving about on the cranks C and D, and alfo move. 


the crank C begins to aſcend, the end 7 begins to deſcend, and 


able at the joints F, H, upon two pins; FI, HK two beams, 
moving on the axis L and M;; I., K, two arches with chains fix. 
ed to them, by means of which the pumps O, N, are 3 ; 
when the water-wheel goes about, one crank as C pulls down 
the bar EF, together with the end F of the beam Fl, and at the 
ſame time raiſes the end I, which draws the water up in the pu 

O; in the mean time the other crank D is raiſing the end Bf 
and depreſſing the end K; when by the motion of the wheel, 


the end & to aſcend ; ſo that one beam goes up whilſt the other 
goes down, and there is always one pump fs Thy | 


297. 


298. 


Ex. XCVIII. 


A gunpowder-mill; AP the water-wheel; B its axis; RP$ 
the water-courſe ; E a ſpur- wheel carrying the two drums C, D, 
and the rollers CF, DH to which they are fixed; a, a, Sc. 10 
or 12 pins, or cogs fixed in either roller, equally on all fides ; 
6, b, Sc. 10 or 12 peſtles 10 feet long, and 4 or 5; inches broad, 
armed with iron at the bottom; in thefe peſtles are pins fixed to 
anſwer the pins a, a; which lift them up as the rollers tum 
round; n, m, Sc. are wooden mortars, into which the peſtles 
fall, each mortar will hold about 20lb. of paſte; O, IK, 
LN are timbers through which the peſtles work, and ſerve to 
keep them direct. | 

The materials being put into the mortars m, m, as the mill 
goes about; the pins in the rollers, take up the peſtles 5, &, by 
their pins; and when theſe pins go off, the peſtles fall into the 
mortars m, m, and beat the ingredients to a paſte ; and as theſe 
cogs are placed on all ſides the circumference of the rollers, there 
1 1 — always ſome peſtles riſing, and others falling in a regu- 

ar order. 


| Ex. XCIX. 
A crane, or engine to raiſe a great weight, and keep it in any 


poſition ; AB a double wheel for a man to walk in; Da _ 
wheel 
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wheel upon the ſame axis; E, F, G. are three wheels alſo fixed v r c. 


upon one axis, of which G is of wood, and E is moved by CD; 


HI is a catch moving on the pin I, this falls in between the teeth 


of the wheel P; KLM a half ring of iron, in which is a groove, 


going upon the edge of the wooden wheel G; NM a piece of 


timber fixed to the ring at M, and to the lever PN, and is 


moveable about the pins M, N; the lever PN is moveable 
about the centre O; QR a wooden rod, reaching to the cateh 
IH; PST a ſtring fixed to the lever at P; V the rope go- 
ing about the axis of the great wheel to raiſe the weight. 


When the great wheel 4B goes round, together with CD, the 
rope VX raiſes the weight V; the wheel CD drives E, to- 
gether with Fand G; and the end of the catch 7H ſlides freely 


over the teeth of the wheel F; and the motion being ſtopped, 
the catch /H acting againſt the teeth of F, hinders the wheel F 
from turning back, and ſo keeps the weight # ſuſpended ; but 
if you pull at the ſtring T, it raiſes the lever PO, and thruſt. 
ing the rod QR againſt the catch, raiſes it out of the teeth of the 
wheel F, and lets the weight V deſcend ; but leſt it deſcend 
too faſt, the lever PO is to be raiſed higher by pulling at the 
ſtring TS, and this deprefſes the end ON of the lever, and 
draws down the piece NM, together with the ring K LM, which 
ring being drawn cloſe againſt the wheel G, ſtops the motion, 
or regulates 1t at pleaſure. | 


Ex. C. 


An engine for drawing water. A the cog-wheel, 10 feet dia- 
meter; B its axis, running in the frame FFH, and on the foot 
Z; Catrundle 3 feet diameter, K its axis 15 or 20 feet long, 
running in the ſtocks G, G; D, D, two cranks of iron on oppo- 
lite ſides of the axis, and 2 feet long; OP, QR two beams mov- 
ing upon an axis in the frame dSSS; PD, MD two rods of wood 
or iron, reaching from the beams to the cranks, moveable about 
R and P, and turning round on the cranks D, D; I. I two 
rods of iron, fixed to two chains that go over the arches O, . 
and to two piſtons that work in the pumps x, y; E the tiller to 
which the horſes are yoked ; 1 2 7 4 the path in which the 
horſes go round; H, H the ſurface of the earth ; the wheel 
A, and trundle C are in a pit; the axis K under ground ; and 
the cranks D, D, are in a pit. | 

When the horſes, walking in the ring 1 2 3 4, draw about the 


cog-wheel, by the tiller E, this turns the trundle C with the 
| cranks 


298. 
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r 1 .cranks D, D; and the rod PD being drawn down, pulls don 

299+ the end of the beam P, and raiſes the other end O, with the 
 * rod Is, and draws the water out of the pump ; in the mean 
time, the other crank raiſes the rod DR, with the end & of the 
beam; and the other end Q, with the rod I deſcends ; and the 
piſton goes down into the pump y; but as the wheel A 
about, the rod RD is pulled down, and Q riſes up, and draws 
water out of the pump 95 whilſt OJ and the piſton deſcends in 
the pump x; thus whilſt one piſton goes up, the other goes 
down, and there is always one pump diſcharging water. 

Inſtead of two cranks, one may have three or four cranks at 

equal diſtances round the axis, and theſe will move three or 
four beams QR, and work three or four pumps ; but beams of 
timber ſhould be put between every two working beams, OP, 
R, for the axles to run in. | 


Ex. CI. 


300. AELa twiſling-mill to make thread or worſted; B a cog-wheel 
3 feet diameter, of 33 or 34 teeth; C the drum of 4, 6, or 8 
' rounds, going on the ſquare end of the axis of the cog-wheel; 
D a ſpur-wheel, 2 feet diameter, and 3o or 32 teeth, this is 
fixed to the reel E; the reel conſiſts of 4 long pieces of wood, 
6 or 7 feet long; 3 of which are fixed in the cog-wheel D, and 
are alſo fixed to one another by croſs bars going through the axis 
of the reel ; the fourth long piece of wood which compoſes the 
reel, 1s not fixed in the cog-wheel, but may be ſet nearer or fur- 
ther from the axis, by help of the pins 1, I, 1; Fa drum of 
12 rounds, carried by the cog-wheel B; theſe rounds are fixed 
into the barrel G, of x foot and 6 or 8 inches diameter MNOP 
a fixed frame 6 or 7 feet long and 4 feet broad; 22, 22, Cc. 
are whorles, carried round by the leathern belt IX L1H; theſe 
whorles run in iron ſockets at the bottom of the frame, and are 
kept in their places by the ſnecks 3, 3, fixed to the upper fide of 
the bottom part of the frame, upon the ſpindles of theſe whorles 
are put the bobbins, with the thread or worſted; the ſpin- 
dle and whorle is repreſented at a, the bobbin at 4, the bobbin 
with the worſted on it at c; the length of the whorle and ſpin- 
dle is 10 or 11 inches, length of the bobbin 6 or 7 inches; 
diameter of the whorle where the belt runs, about an inch ; dia- 
meter of the bobbin at top 14 inch, at the ſmalleſt part + of 
an inch; theſe are for worſted. The whorles may be taken out 
of the ſnecks at pleaſure, and they are kept in theſe ſnecks, by a 
feather put acroſs the ſlit through two holes; the TL 
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they uſe-for thread are repreſented at d; e is a piece of lead which x 1G. 
goes upon the top of the ſpindle to keep down the bobbin; /, g 300. 
are two wires fixed in it, for the thread to run through, from 
the bobbin to the reel, the diameter of the whorle about half an 

inch; the number of ſnecks, ſpindles, and bobbins on one 

ſide of the engine is 20 or 24, that is 40 or 50 in all; 4, 4, Sc. 

are wires in the upper part of the frame for the thread to run 
through from the bobbins ; the number of wires is equal to 

the number of ſpindles; alſo in the horizontal beam Q is the 

ſame number of wires, 5, 5, 5, Sc. to direct the thread to the 


reel; u, u, are rollers for the edge of the belt to move over; 


6, 6 are two hanks upon the reel; when the belt grows ſlack 
by ſtretching, the frame M is drove back by means of a wedge 
o, and ſo kept at a greater diſtance from the roller G. 

The trundle C may be taken off, and others of more or fewer 
rungs put on, as occaſion requires, by lifting the end T, of the 
axis of the reel, out of its ſocket ; and the finer the thread, the 
fewer rungs it muſt have; the circumference of the reel DE 
for worſted is 4 feet, 4 inches; for thread is x feet, 5 inches. 

When the thread or worſted is wound upon the bobbins, by 
the help of a wheel they are put upon the ſpindles, as C; and. 
then put within the belt /X L under the ſnecks 2,.2 ; then the 
handle A being turned, carries the cog-wheel B about, which 
drives the drum F, and the barrel G, the barrel G moves the 
belt in direction IK L about the frame MN, which reſting on the 
whorles 2, 2, moves them, and the whorles and bobbins very 
ſwiftly about; in the mean time, the drum C is turned round 
by the axis of the cog-wheel B, and C carries about the ſpur- 
wheel D and the reel, with a flow motion. So the threads be- 
ing put through the wires 4, 5, and fixed to the reel, theſe threads 
will be wrapped about the reel, and make the hanks 6, 6; as many 
as there are bobbins; when the hanks are of ſufficient big- 
neſs, they muſt be taken off the reel, which is done by pulli 
out the pins 1, 1, and then one fide of the reel will fall in, 4, 
the hanks ſlacked, and may be taken off one after another, by 
lifting the end Y oF the axis out of its ſocket, 

The double yarn, Sc. is to be wound tapering on the bob- 
bins, as at c, making it broadeſt at the low end, otherwiſe it 
will not come freely off the bobbins, without breaking. 

The frame work conſiſts of perpendicular beams fixed in 
others lying horizontal, as deſcribed in the figure, the breadth: 
from A to / being 9g or 10 feet; the lower part of the frame 
MN conſiſts of two elliptical pieces, cut out of boards, and ſer. 
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1 t o. ut about à hand's breadth: diſtance one above the other, with 


300. 


303. 


the face of the clock, and theſe arbors are fixed in the barrels 


pieces of wood between; in the lower (which is broader than 
the other) are the ſockets, in which the bottom part of the 
ſpindle of the whorkes moves; in the upper, the fmecks are fixed. 
The part OP, in which are the wires, is an py tm piece like 
the under ones, and fixed thereto by 4 perpendicular pieces or 
pillars of wood; all the reſt will be plain from the figure. 


Ex. CI. 


AEKFisa clock. The different forms and conftructions of 
clocks are almoſt as various as the faces of thoſe that make them. 
The following is a common 8 days clock; AF is the moving 
part; AE the firiking par. Beit 

The work contained between 2 braſs plates is as follows: F 
the firſt or great wheel! of 96 teeth; G the jecond wheel of b teeth, 
its pimon g of 8 leaves; H the third tebeel of 56 teeth, its pi- 
nion h of 8 leaves; I the balance wheel of zo teeth, its pinion i 
of 7 leaves; and & the balance ; likewiſe A the great wheel of 
78 teeth; B the pin wheel of 48 teeth, & its pinion of 8 leaves; 
C the boop wheel of 48 teeth, c its pinion of 6 leaves; D the 
warming wheel of 48 teeth, and its pinion d of 6 leaves; E the 
Ay, e its pinion of 6 leaves. 

The ends R, R, of the arbors of the wheels A, Fcome through 


J, P, of 6 or 7 inches diameter; and on theſe barrels the therm 


firings Ti are wound, which go round two pullies with the weights 


302. 
303. 


that carry the wheels about; theſe two barrels are moveable 
round about within the wheels, but are kept from turning back, 
by the catch & and its /pr/ng, and the racket whee!s Q fixed to the 
barrel; the weights are wound up by help of the winch or han- 
dle 11; in the rim of the wheel B are 8 pins, which as the 
wheel goes round, thruſt back the end ; of the hammer O, and 
when it goes off the pin, the /pring 7 makes the hammer 0 
ſtrike againſt the /f N. | 

The wheel C has a hoop upon its rim, which is cut away in 
one place, to let the end 2 of the detent fall in; in the rim of 
the wheel D, there is a pin which ftops againſt the end x of the 
arm x, and hinders the wheels turning about. 

On the axis op are fixed the two pieces vs, and the detent 1 2; 
on the axis gr are fixed two pieces wx and the lier 3; and on the 
end v of that axis which comes through the fore plate, is put the 
lifter 10, and pinned faſt on. eee * 
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The arbor of the wheel G eomes through the face; 'upon'this v 1 0. 
arbor between the face and fore plate, is put the wheel 2 of 20 302. 
teeth, its arbor being hollow, and under the wheel is put the 30g. 
braſs ſpring /, with the concave ſide upward, this fpring hav- 


ing a ſquare hole in it, to fit the ſhoulder of the arbor of G; 


the wheel Z of 40 teeth turns upon a fixed pin or axis, and is 
driven by the wheel x; the dial wheel F of 48 teeth; is put 


with its hollow /ccke! upon the arbor or ſoctet of z, then the face 
being put on, their ends come through it, and the bour hand k is 


put upon the ſquare end of f, and the minute poinier W; upon 
the end of 2; the wheel z being thruſt down to bend the ſpring, 


and then a pin put in to keep it there; the pinion'of , called 
the pinian of report, has 8 teeth, and drives the wheel / and the 
hour hand; now the ſpring / keeps the wheel 2 pretty tight 
upon the axis of G, ſo that G wilt carry it about along with it; 


and if the minute pointer be thruſt about, it will force about 


the wheel z; and alſo Z, and likewiſe f with the hour pointer. 
The arbor of the wheel A goes through the bark plate; upon 


it, behind the plate is put the wheel ( or pinion of report) of 
28 teeth, and pinned there; the double wheel XY is carried 
by V, and turns upon a pin fixed on the back of the plate; the 


wheel & has alſo 28 teeth, and the count wheel Y is divided into 
11 parts of unequal lengths, according to the ftrokes the clock 
is to ſtrike at every hour; part of this wheel is repreſented at 5 
a ſlender ſpring is put on with this wheel to keep it tight; 
this part niay be made more ſample, by leaving out the wheels 
, A; and putting Y upon the axis of A inftead of ; but it 
muſt be put on the contrary way. VET TRY. SIGH ETON 
The arbor of the balance wheel I comes through the fore 
plate, almoſt to the face, and through a hole in the face is put 
the hollow ſocket of the ſecond pointer 12; and this ſhows the 
ſeconds by a ſmall circle divided into 60 parts; and the face 
is alfo divided into two circles, ſhewitng hours and minutes. 
The pendu um hangs on the fixed piece of braſs M, by a but- 
ton at top, and a thin piece of braſs going into a ſlit at M, and 
a flat piece of brafs goes into the fork L, ſo that if the pendu- 


lum moves, it muft move the rod KL, and balance K along 


with it. 3 
The pallats 8, 9 of the balance XK, are ſo formed that the 
under-fide of 8, and upper-ſide of 9, where the teeth of the 
wheel I act, are poliſhed planes, and made ſloping, ſo that a 
tooth ſliding along the under-ſide of the pallat 8, will 2 * 
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1 6; the balance K to the leſt hand, and a tooth ſliding along the 

302. up r-fide of the pallat 9, will force it to the right. TON 

303. The work is put together, by ſetting the teeth to her that 
are marked in the wheel B and in the pinion c, and likewiſe in 
the wheel C and piniond ; then the minute pointer is put on 
the arbor of z, mark to mark; and the hour pointer the ſame 
way on the arbor of /; and the wheels z, Z, F are ſet to one 


another according to their marks. | 4 N 

The weights hanging upon the wheels 4, F; and the pendu- 
lum made to vibrate; the wheel F drives G, which drives H, 
which drives I, then whilft the pendulum vibrates to the right, 
a tooth ſlips off the pallat ꝗ, and in its return to the left, a tooth 
ſlips off the pallat 8, then on the right another goes off 9, and 
ſo on alternately ; and the weight cauſing the teeth to act againſt 


the pallats of the balance, keeps the pendulum in motion, and 


the wheel I goes round in a minute. | | TH 
As the wheel G goes round it carries about x, with the mi- 
nute pointer once round in an hour; ⁊ drives Z, which drives 
F once round in 12 hours; whilft the wheel z goes round, the 
pin m raiſes the lifter 10, which lifts up the piece 3, and the 
arm wx ; the piece 3 raiſes the detent x 2, together with vs; the 
end 2 of the detent being raiſed above the hoop, the wheel C 
moves about, and by the oblique figure of the end of the detent 
2, it raiſes the end of the detent higher, and alſo raiſes s out of 
the notch of the count wheel ; then the wheel D turns round, 
till the pin in the rim ſtops at the end x, which hinders the mo- 
tion; but as the wheel z goes further about, the lifter: 10 falls 
down off the pin, together with the piece 7ox, and latch 3, which 
ſuffers the wheel D, and the reſt to turn round; and the pin- 
wheel cauſes the hammer to ſtrike ſo often, till the end s falls 
into a notch of the count wheel, and then the detent 2 falls into 
the vacancy in the hoop, and locks the work, which continues 
ſo till the next hour, that the piece 10 is raiſed again, and then 
ſhe ſtrikes as before; the wheel C goes round every ſtroke of 
the clock; but ſhe ſtrikes x more every ſucceeding hour, be- 
cauſe the teeth between the notches are made longer and longer 
in the count wheel; and.it turns round once in 12 hours. 


Generul rules in all clocks. 


In the ſtriking part, the pin wheel being divided by the 


pinion of the hop wheel, the quotient ſhews the number of 


pins in the pin wheel, 


W 
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If 48 be divided by the number of pins, the quotient ſhews v1. 


the revolutions that the pin wheel makes for one revolution of 302. 
the count wheel. 303. 

The hoop wheel divided by the pinionof the warning wheel, 
muſt be a whole number. | 

In the moving part, the train is the number. of beats the 
clock makes in an hour, which is 3600 if ſhe beats ſeconds: 
in this cafe the balance wheel muſt have zo teeth. | 

If G turns round once in an hour and ſhews minutes; then 
the quotient of G divided by the pinion of H, multiplied by the 
quotient of H divided by the pinion of I and that multiplied 
by twice the teeth in J, muſt be equal to the train; and if ſhe 
beats ſeconds, then the product of the two quotients muſt be 60: 

It alſo G ſhews the hours, then the quotient” of / divided by 
the pinion of Z, multiplied by the quotient of Z divided 55 . 
muſt be 12 

From the great wheel to the balance the wheels drive the 
pinions; bur to the dial wheel the pinions drive the wheels; 
the former quickens, the latter leſſens the motion. 

Any wheel being divided by the pinion that works in it, 
ſhews how many turns that pinion hath to one turn of the wheel; 
as if the-pinion be 5 and the wheel 60, it is ſet down thus, 


: N N 60 Its 
5) 60. (12 times. Or. thus — ==; timer 


The teeth of ſeveral wheels and pinions that work in one 
another, are ſet down thus, 


4) 26" (9 times | 
8) 80 $80 (100 cimes | 
6) 54 (9 times 
5j) 40 (8 times 


Or thus _ * X'E x — 


In the former way, the number on the leſt hand of any wheel 
is the pinion that it drives, and the number over it is the pinion 


on the fame axis. I the latter way the ſeveral fractional-quan= . - 


tities repreſent the quotients. 

Any wheel and the pinion it drives, will have the ſame mo- 
tion with another wheel and pinion, when their quotients are 
equal. Thus a wheel of 36 drives a pinion of 4, all the ſame 

as: 
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DESCRIP TON o 


1 . as a wheel of 45 does a pinion of 5; or a wheel of 90 a pinion 
302. of 10. | | 


TD al wheels and ſeveral pinions, provided they all give the 


303. 


In any motion you may uſe one wheel and one pinion, or elſe 


ſame motion; therefore when a number is too big to be cut 
in one wheel, you may divide it into two or more quotients. 
In a wheel and pinion that work in one another, their diame. 


ters mu be as the number of teeth in each; and the diame- 
ter muſt: be 


ter meaſured, not to the extremity, but to the middle 
of the tooth, or where they act. | 

. The excellency of clock-work conſiſts in forming the teeth 
truly, and to fit the notches exactly without ſhaking, and to 


play freely ; the teeth muſt be cut into the form of eycloids, 


which reſembles the ſhape of a bay leaf. | | 

A clock goes exacter as the pendulum is longer, and the bob 
pretty heavy, and to make but ſmall vibrations ; and for more 
exactneſs, to play between two cycloidal cheeks ; and the longer 
the arms A8, Kg, the eaſier the clock goes. The length of a 
ſecond pendulum is 39 inches. See the theory of pendulums 


in Prop. XL. XII. LVIII. 


The palats 8, 9, are here formed after the common way; 
but there is another way of forming them. From the centre 
of motion 9, deſcribe two ſmall arches ag, and d:. Theſe ſmall 
lines or planes ag, and de, and alſo the working fide of the 
tooth aw, muſt all range to « the centre of the balance wheel; 
and the ends of the pallats a, and dn, muſt range a little to 
the right hand of the centred; then the teeth of the balance 
wheel will fall alternately on the fides ag, and & ; and any 


tooth, whilſt it acts againſt «3, or de, will have no effect in 


moving the pendulum, but lies 4%, till it makes its eſcape off 
the angle a or 8; and then in moving along the plane a, or 
an, it forces the pendulum to the right or left. 

But the conſtruction will be better thus: take $r, bg, each 
equal to gad; from the centre r deſcribe the arches af, %, 
and let the ends a, 6, range to o. Or perhaps it may anſwer 


the end as well to deſcribe , and de, from the centre 0; and 


let the acting ſide of the tooth range (not to «, but) to u, the 
outſide of the circle deſcribed with the radius xv = + up» 
The inconvenience of any of theſe conſtructions, is, that the 
pallats are too thick, and can hardly find room to fall in be- 
tween the teeth of the balance wheel. 
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Set. XIII. COMPOUND ENGINES. 
| Ex, CIII. 8 i 
ABC is a culling engine to cut the teeth of clock wheels. AC 


an iron plate 24 feet long, and 3 or 4 inches broad; EE ano- 


ther plate fixed 4 or 5 inches lower; Ga /ider, ſliding along a 
groove in the end C; this 13 made of ſeveral plates of iron fixed 
to one another with ſcrews, and fitting cloſely to the edges of 
the plate, and to the fides of the groove, and likewiſe to the 
upper and under fide of the plate; this is to cauſe it to move 
truly along the groove when forced forward or backward, by 


the ſcrew at J and its handle; for this ſcrews through C, and 


turns round in a collar in the end G. The end of this ſlider 
turns up perpendicular ; to this is fixed the part F by apin X 
which goes ſquare into this part, and through a round hole in 
F;. ſo that the part F can turn about the ſcrew pin X, and may 
be fixed by turning the nut 2 with the key 9, which nut ſcrews 


upon the end of the pin. 


Bis a braſs wheel of 96 teeth, carrying the pinion D of 12 
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F 1 G. 
A 


leaves; theſe move between the cheeks LL, MM; which are 


Joined by the croſs bars M and P; theſe cheeks and their ma- 
chinery turn round on the axis LM, in the part F. / is the 
cutting wheel, whoſe edge is nothing but a file to cut the teeth, 
as it goes about; this goes upon the arbor of the pinion D. 
There are a great number of theſe cutting wheels, of different 
ſhape and bigneſs, which may be taken off the arbor and others 
put on; theſe parts are deſcribed at a, ö, c, d; à the pinion 
and its arbor, & the cutting wheel going upon the arbor which 
is octagonal, and fits it exactly, having the ſides marked that 
are put to each other, c a hollow piece which goes on the fame 
axis, and the nut d ſcrews on the end of the arbor, to keep e 
and the wheel 4 faſt on. The ends of the arbor are hardened 
ſtecl, and pointed; and this arbor runs between the cheeks. 
LV, through which cheeks there go 2 ſcrews, with holes to 
receive the points of the arbor ; and theſe ſcrews. are ſet to a 


proper diſtance, by ſcrewing them in or out by help of a key , 


going on ſquare upon the end, and then the fcrews are locked 
there, by the nuts O, O. xe is a ſpring, fixed with one end to 
the under- ſide of the croſs bar M, and the other end' lying 
upon the plate Al, and this ſpring raiſes the part LLM, 
a hen the notch is cut; tu is a ſcrew pin going through the 
bar P, its end u reſts upon the plate 4/, and hinders the 
wheck from deſcending lower; 1, 1, are two ſcrew pins, which 


(crew through LM, by belp of the key p, and go with their 


points 
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r I G. points into E which has two holes to receive them; theſe pi 


. Pins 

zog. are locked to L, M by turning the two nuts, which alſo ſcrew 

upon the pins. Theſe ſcrew pins, nuts, and cheeks, all turn 
round together in the holes in F. | 


H is the dividing plate, being a braſs circular plate 15 or 16 
inches diameter. This plate is fixed to a hollow braſs axle O an 
inch in diameter, and this axle goes through the two plates Al, 
EE, and both the wheel and its axle turn about together; the 
lower plate cannot be ſeen, but is repreſented at R; near the 
edge of this plate there are 24 concentric circles, each divided 
by points into a certain number of equal parts, vix. 366, 36s, 
360, 118, 100, 96, 92, 90, 88, 84, 80, 78, 76, 72, 70, 68, 64, 
62, 60, 58, 56, 54, 52, 48. The uſe of theſe is to divide a re- 
volution into any number of equal parts, according to theſe 
different circles, 0 
ei is an arbor going through the hollow axle QR, with the 
ſhoulder & againſt the top of that axis; then the nut is ſcrewed 
upon the end i, to keep it faſt; m is the wheel to be cut into 
teeth; there is a hole made in the centre, juſt to fit the part pe, 
which being put on, and the piece / above it, they are then 
ſcrewed hard down with the nut k going on the end e. Then 
if the wheel H be turned round, it carries about with it the wheel 
m. There are ſeveral arbors ei, for fitting different wheels m. 

wy is a moveable index; it turns about a nail, as a centre in 
the end to, there being a ſlit in it to let the bottom of the ſcrew 
x paſs through as it moves; y is moveable back and forward, 
and may be fixed any way by the two ſcrews ; ⁊ is a ſteel point, 
which moves along the circumference of any circle you require, 
from one point to another; T is the winch to turn the wheel B; 
2 is the handle to pull down the machinery near the plate. 

To uſe this machine. An arbor ei proper for the wheel n, 
which is to be cut, being put through the axis Q, and ſcrewed 
faſt, as appears at R; and then the wheel m and the parts t, 
put on above Q, and ſcrewed faſt ; looſen the ſcrew x, and, 
moving the index wy till the ſteel point z fall in the circle, con- 
taining the ſame number of parts, the wheel n is to be divided 


into, there ſcrew it faſt with the ſcrew x; then putting on the 
cutting wheel F proper for the work; turn the handle and ſcrew | 


J and drive the machinery with the wheel f towards E, till 
the edge of / lie juſt over the edge of the wheel m to' be cut; 
there fix it by the handle V, and turn the wheel H till z falls 
into ſome point of the circle; then take hold of the handle 5, 
and pull it down, till F falls againſt the edge of m; then hold- 
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ing it there with one hand turn the winch T with the other, x 1 6. 
which carries about B, and this drives D with the cutter ã, and 304. 
this motion cuts a notch in the edge of , and when it is deep 


enough, the pin 7 (properly ſet) ſtops at the plate AC and hin- 


ders it from going further; then let go &, and the ſpring rs - 


raiſes up the wheels, Sc; this done, pull about the wheel H 
till z fall in the next point of diviſion, then draw down &, and 


turn the machine as before, till you have made another cut 


deep enough; and thus you muſt proceed till z has gone through 
all the points of diviſion in the circle, and then your wheel is cut 
into its proper number of teeth. | 

When the number of teeth wanted to be cut anſwers to none 
of the circles, take ſuch a circle as can be divided by your num- 
ber, and if the quotient be 2, 3, 4, Sc. then you muſt ſer z to 
every ad, 3d, 4th point, Sc. ria the reſt ;- as, if you want 
21 teeth, take the circle 84, which divided by 21 gives 4 ; ſo 
that you muſt ſet z to every .4th tooth only, and ſo cut it. 

A crown wheel may be cut the ſame way, but then the cen- 
tre of the wheel f muſt be brought over the edge of the wheel 
to be cut, and there fixed; alſo oblique teeth may be cut in a 
wheel after the ſame manner, but you muſt firſt eaſe the ſcrew 
A, and then turn the cutting frame about K as an axis, till the 
cutter F have a proper degree of obliquity, and there ſcrew faſt 
the pin K, by the nut 2, and proceed as before. 

After the teeth are cut with this engine, they are ſtill to be 


wrought into their proper form, with files ſuitable for the buſi- 


neſs, and this the workman muſt do by hand. 


Ex. CIV. 


EH is a glazier's vice, for drawing window lead. 76, QH 305. 


two axles, running in the frame KL, ML; C, D two wheels of 
iron caſe hardened, 1+ inch broad, and of the thickneſs of a pane 
of glaſs ; theſe wheels are fixed to the axles, and run very near 
one another, not being above - of an inch diſtant ; acroſs their 
edges are ſeveral nicks cut, the better to draw the lead through: 
E, H two pinions of 12 leaves each, turning one another, and 
going upon the ends of the axles, which are ſquare, and kept 
taſt there by the nuts P, Q, which are ſcrewed faſt on with a 
key; A, B two cheeks of iron, caſe hardened and fixed on each 
tide to the frame with ſcrews; theſe are cut with an opening 
where the two wheels meet, and ſet ſo near the wheels as to 
leave a ſpace equal to the thickneſs of the lead; ſo that between 

L 1 | the 
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DESCRIPTION or 


the wheels and the cheeks there is leſt à hole, of the form re. 
preſented at M. which is the ſhape of the lead when cut through; 
the frame KLML is held together by croſs bars going through 
the ſides and ſcrewed on; and a cover is put over the machine 
to keep out duſt, and it is ſcrewed faſt down to a bench by 
cmi L Hud 50: | | 

When it is uſed, the lead to be drawn is to be caſt in moulds, 
into pieces a foot long, with a gutter on each fide; take one 
of theſe pieces, and ſharpen one end a little with a knife, and 
put it into the hole between the wheels, then turning the han- 
dle I, the lead will be drawn through of the form detigned, 


Ex, CV. 


AC a water-mill for grinding corn, without either trundle or 
cog-wheel. BC'is the arbor, or axis of the mill, this is a cy- 
lIindrical piece of wood about two feet diameter; GHIXLMN 
is a leaf or wing of wood, whoſe breadth is about the radius of 
the arbor; this runs fpiral-wife round the arbor from bottom 
to top, aſcending in an angle of about 55 degrees; it muſt every 
where ſtand upright on the ſurface of the arbor; inſtead of one 
you may uſe two of theſe ſpiral leaves, eſpecially if they be nar- 
row; this arbor and its ſpiral leaf turns round upon a pivot 
P at the bottom; and at the top B it has a ſpindle which goes 
through a plank, and is fixed to the upper mill-ſtone D, which 
turns round with it, ſo that the arbor has little or no friction; 
R T is a hollow cylinder, made of ſtone or brick, to encloſe 
the arbor and its leaf, and whoſe inſide is walled as near as 
poſſible, juſt to ſuffer the leaf to turn round without touching, 
ſo that no water can eſcape between the leaf and the wall; and 
conſequently it can only run down the declivity of the leaf; its 
top is repreſented by the circle GTV. RIFS is an arch to let 
the water out at the bottom to run away, and big enough to 
go through to repair the engine; F is the trough that brings 
the water; D, E the two mill- ſtones; A the hopper and ſhoe. 
The arbor and its leaf may be cut altogether out of the ſolid 
trunk of a tree, or elſe the leaf may be made of pieces of boards, 
nailed to ſeveral ſupporters of wood, which are to be let every 
where into holes made in the body of the arbor, ſo as they may 
ſtand perpendicular to its furface, and all ſet in a ſpiral; and 
the ſpiral is made on this conſideration, that for every. 10 incha 
in the circumference of the axis you muſt rife 7 inches in the 
length; but at the top G it will be better to rife faſter, fo s 
to have its ſurface almoſt perpendicular to the ſtream.” 
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When the mill is to go, the corn is put into the hopper at A. f 1 O. 
which runs down the ſhoe, through the mill-ſtone D; and the 306. 
ſpout F being opened, the water falls upon the oblique lea; 
GHIK, and by its force turns the axis BC about, and with it 
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DBF is the arch of a bridge, which ſhall ſuſtain itſelf, and 307. 
all the parts of it. in equilibrio. Such an arch will be ſtronger 
than any other, becauſe an arch that can ſuſtain itſelf will more 
eaſily ſuſtain an additional weight, than an arch that cannot 
ſuſtain itſelf, but only by the coheſion of the mortar. Ihis 

arch DBF is a ſemicircle whoſe centre is R, and vertex B, and 
the wall ATta muſt be fo built, that the height AT, in any place 
4, muſt be as the cube of the ſecant of the arch BA, Which will 
cauſe it to run upwards towards D, in the form of the curve 
T; but as this form is not commodious for a bridge, the 
conſtruction may be performed thus : in any place of the arch, 
as A, let the ſuperincumbent part AT be built of heavier ma- 
terials than at B, in proportion of the cube of the ſecant of 
the arch BA, for the parts near B, but in ſomething leſs pro- 
portion to the parts towards A and D; and the right line G g 
being drawn will nearly terminate the top of the wall ; but as 
materials cannot well be procured for this purpoſe, the follow 
Ing way may be uſed. | 

With the radius BNR deſcribe the arch DBd, of | go degrees; 308. 
DE, Bd being each 45; and if BR conſiſt of 100 parts, make 
ZS 16; draw the right line G perpendicular to SN, and 
the arch DBd ſhall ſupport the wall DG in equilibrio in all its 
parts. If the arches DB and Bd be made each 60 degrees, and 
the height BS + parts, and the right line GSg drawn, then the 
arch DBd will equally ſupport the wall DGz4 in all parts; but 
then the materials made uſe of about the places a, a, ought to be 
only about half the weight of thoſe at Band D; and theſe are 
the principal caſes in which a circle is ſerviceable, for making 
an arch ſtand in equilibrio. | 

Another equilibrial arch is from the catenary. Make the 49g. 
latus rectum BS 100 equal parts, BR, AR, RF each 159, de- 
ſcribe the catenary ABF, through the points A, B, and /; then 
ABFwill be an arch which will ſupport the wall AGgf in equi- 
librio in every point of it. The fault of this arch 1s, that by 
reaſon of the height BS, there is too much weight of wall upon 
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it, which will endanger the ſinking the piers, except the founda- 
tion be very good; and it likewiſe raiſes the bridge too high. 
Another arch of equilibration is this; make SB, BR, AK of 
any lengths at pleaſure; draw the right line G& parallel to the 
horizon; and to the aſſymptote GS draw the logarithmic curve 
AB; which may be done thus, draw AG perpendicular to GS; 
divide 5G into any number of equal parts, and as many points 
of diviſion as you have, find ſo many mean proportionals be- 


tween SB and GA; ſet theſe from the reſpective points in SG 


311. 


downwards, in lines drawn through theſe quarts parallel to S; 
and theſe will give ſo many points, through which the curve 54 
is to be drawn, and the curve F is drawn the ſame way; be. 
tween theſe the pier BD is placed with a tower upon it. The 
only fault this arch has, is, that the water-way is diminiſhed by 
the pier BD, and as many arches ſo many ſupernumerary piers 
there will be. | | 

I ſhall now ſhew how to deſcribe an arch clear of all theſe in- 
conveniencies. Make BR, AR, RF, each equal to 30 feet, BS 
33 feet; draw AG, E parallel to RS; divide SG, Sg into 30 
equal parts or 3o feet ; through all the points of diviſion draw 
lines parallel to SR, as TC; then upon each of theſe lines ſet 
off from SG downwards, the number of feet you find in' the fol- 
lowing table, reſpectively, as TC; then C will be in the arch; 
do the ſame with the ſide Sg; then the curve FBCA drawn 
through all theſe points C will be the arch required. The 
curve is eaſily drawn through theſe points, by help of a bow 
held to every three points, or rather to four or five points at 
once, which may eafily be done by two or three perſons hold- 


ing it. 
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{value of value of : | | 
er in 10 in ft | value | value || value value of 
ans. 5 
F EN, II | 5.754 21 | 14-014 
2| 3-568 I2 | 6.231 1 
1” % | 1734 SIO]. - 334; 19979 
4 3.774 14 7-372 24 | 18.687 
7 3-931 15 | 8.047 25 | 20.585 
6| 4.127 16 | 8.799 26 | 22.682 | 
7] 4:362 || 17 | 9-636 || 27 | 24-999 
81 4.639 18 10.867 28 27.557 
99 4.961 1911. 600 29 | 30-381 | 
10 5-332 | 20 [12.745 | 30 | 33-500 


If the thickneſs of an arch at top, BS be ſuppoſed to be 3 
feet, 4 feet, or 5 feet, &c. it will require a different curve to 
be conſtructed, but this ſeems to be ſtrong enough for the 
bigneſs of the arch, eſpecially, if built of ſtrong, ſound ſtone : 
here 34 feet is aſſigned for the thickneſs of the arch; but it 
muſt be made 2 or 3 inches leſs on the account of the parapet 
wall, for this adds weight to the whole; alſo if the top GS is 
not exactly horizontal, but is 2 or 3 feet lower at G than at &, 
the thickneſs BS ought to be two or three inches leſs upon that 
account; or if higher at G, two or three inches more; but theſe 
niceties make no ſenſible difference in practice. 

This curve differs from the catenary (in fig. 309.) For at 
the vertex B it is leſs curve than the catenary, and towards 4 
it is more curve; the curvature at B in this arch is very near 
that of a circle, whoſe radius is BR; and the curvature in- 
creaſes from the vertex B, and is leaſt about C. 

At the points A, F, where the arch ſprings, it riſes at an an- 
gle of 73* v, above the horizon. | 
If an arch is required to be either greater or leſs than this; it 
is no more than taking any other equal parts inſtead of feet, and 
ſetting off all the lines by theſe equal parts. | 

In this ſcheme I have drawn a circle to ſhew the difference 
between that and this arch; the like I have done in fig. 309, 
and 310; whence it appears, that a circle circumſcribes all 
theſe arches of equilibration, and conſequently a circle is too 
curve at the lower parts, or at the haunch of the arch. 10 
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r1G. If any architects or builders of churches or bridges, ſhall 


' 211. Pleaſe to make uſe of the curve here conſtrulited (fig, Jn 
the form of an arch, they will find it the ſtrongeſt arch poſſible | 


1+) for 


to be made, for theſe given dimenſions; and where many 
thouſand pounds are laid out in building a fingle bridge, it is 
certainly worth the pains, to ſeek after the form of an arch 
which ſhall be the ſtrongeſt poſſible, for ſupporting ſo great a 
weight; and it is ve Forprifing that no one has attempted 
it; inſtead of that, all people have contented themſelves with 
conſtructing circular arches ; not knowing that different preſ- 
ſures againſt the arch, in different places, require different cur. 
vatures, Which do not anſwer in a circle where the curvature 
is all alike. A circle, it is true, is very eaſily deſcribed, and that 
may be one reaſon for making uſe of it ; but ſurely, the deſcri 

tion of the curve here given, is very eaſy, by the foregoing table 
and can create no difficulty at all ; if there be any difficuly in 
the practice, it is only in cutting the ſtanes of a true curyature, 
to fit the arch exactly in all places, but this is eaſily managed 
with a little care, by taking proper dimenſiens, obſerving that 
every joint muſt be perpendicular to the curve in that point. 

A circle, or any other curve, where the curvature 1s not 

perly adapted to the weight ſuſtained, is not capable of ſuſfain- 
ing ſo vaſt a weight, but muſt in time give way, and fall to ruin, 
except the mortar happen to be ſo ſtrong as to keep it together; 
on the contrary, the arch here deſcribed, ſuſtaining every where 
a quantity of preſſure proportional to its ſtrength, will never 


give way, ſo long as the piers, which are its baſes, ſtand good; 


but by virtue of its figure, will ſtand firm and unſhaken, as long 
as the materials the arch is made of will laſt. 

As to the piers, their thickneſs may be 4, +, or I the width of 
the arch, according to the firmneſs of the ground they are to 
ſtand on; they muſt. be coniiderably broader than the bridge, 
reaching out on each fide into the water, being built with ſharp 
edges to divide the ſtream; at the bottom they muſt be well 
fenced with ſterlings for their ſecurity ; the outermoſt pier 
muſt be built far backwards, to ſuſtain the oblique preſſure of 
the arch, which has nothing elſe to butt againſt ; otherwiſe the 
pier or buttreſs will yield to the preſſure of the arch, and the arch 
will break, 


... Another Conſfirudion, 3 
In the former conſtruction, I made the height BS to be only 
3+ feet, but as that may be reckoned too weak for an _— of 
o feet 
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bo feet wide, like Weſtminſter bridge, where the height above » x 6, 
the arches is 8 or 10 feet, therefore I have here given a new. 
table for conſtructing the arch of a ſtrong bridge, calculated 
upon the fame principles as the-f&rmer, being 5 feet, all the 
other dimenſions remaining the fame. a 

This arch rifes from the pier at an angle of 5 20. in the 
former J ſet off all the points of the curve from the line Ss; 
in this I ſet them off from the line BEE, which. | is a tangent 
to the top of the arch at B. 

The conſtruction is thus: having devnk dhe line EBH 
through the top B of the arch parallel to the baſe AE, take 
from the table col: 1 any length; and ſet it from B in the line 
BE, as to L, and from R to 1, and draw the' line DI; then 
from col. 2 of the table, rake the correſpondent length of LC, 
and ſet it from L to C in the line LI, then C is a point in che 
curve; and thus all the other points of the arch muſt be found, 
and then a curve drawn regularly through them all gives the 
form of the arch. | 


The FABLE, 


cel vale! 


F mn | BEEF ; £6: BE ©. 


feet. feet. | | 
I| 0.021 | 16 | 6.251 25% | 19.262} 
2] .086 || 17 7-173 || 26 20.263 
34 -194 || 18 8.183264 | 21.316 
4 +346 | 19 9.285 |\ 27 22.412 

$43.24, 10-498 || 27% 23.883 

| 6} +787 | 204+ 11.129 28 24.741 
7] 1.078 | 21 11.798 284 25.978 

| 8| 1.419 || 214+ | 12-495 || 29 27.266 


| 9| 1.811 | 22 13.223 294 | 28.605 

19 2.258 || 224 | 13-981 || 30 | 30-900 
Ir| 2.761 [23 || 14-772 | | 

I2| 3-324 || 23+ | 15-596 Ea 

130 3-951 | 24 | 16-455 

14 4-044 || 24+ 4237 

151 5.4 | 25 | 
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Oc is the weighing engine at the turnpikes, for weighing 


road waggons; CD is a ſtrong beam of wood moving about 
the centre 7; EF a ſteelyard, moveable about the centre H 
and ſuſpended at D, by the iron hook DH; PA ſeveral iron 


7 


chains ſuſpended. at a hook, moveable about the centre P; PH 
is about 3 or 4 inches, F about 10 or 12 feet; the 4 chains 


at A are to put round the waggon; F a leaden weight fixed at 
the end E whoſe weight is about 14 hundred weight; G a 


moveable. weight of + of a hundred weight, this is moved alo 


the graduated beam HF; at pleaſure; Ml a ſcaffold to wal 


on; CS is a chain hanging at C, and fixed to the braſs pulley 


S'; round this pulley goes the rope MSR, whoſe end M is fix- 
ed to the croſs bar , of the frame QQTT; in this frame, 
the wheels and axles 1, 2, 3 move round; being turned by the 


handle B, fixed to an iron wheel or fly; theſe wheels and 
trundles are iron, the trundles contain 11 teeth, the wheels 


about 60; the rope R is wound about the wooden axle 3, be- 
ing 5 or 6 inches diameter; at the end of the axle oppoſite to 
B, is another handle to be uſed upon occaſion; the frame O 


is fixed faſt in the ground that it may not be pulled u 


beam CD and ſteelyard EF, move between the cheeks Z and 


NV, which ſerve to guide them, and likewiſe ſtrengthen the 


frame they move in, which frame is tied together with ſeveral 
braces, as NO, FO, &c. 8 8 | | 

When any waggon is to be weighed, the 4 chains A are 
hooked round it, and a man turns the handle B, which, by 
turning the wheels, winds the rope about the axis 3, which pulls 


1 


down the end C, which raiſes the end D of the lever CD; the 


the axles of the wheels are parallel to the 


end D raiſes the ſteelyard EF, with the chains A, and the wag- 
gon; and a man upon the ſcaffold NL, moves the weight G till 
it be in equilibrio, and the diviſions of the beam ſhew how 
much the waggon is above 69. hundred weight. 

In ſome engines the beam (D is wanting, inſtead of which 
there are two blocks and pullies, the upper one faſtened to a 
croſs beam ZA; the lower is ce piece DH; and the 
rope goes from the top block, to the axis 3 ; but in this caſe, 

nde of the machine, 


and not perpendicular, as they are in the former; and then there 


is but one wheel and pinion, cach of iron, the wheel of 110 or 
120 teeth, and pinion 11. 


Laſtly, in ſome machines that likewiſe want the beam a 
"7 | | e 
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the wheels and axles 1, 2, 3 are placed in the top of the machine, x 1G, 
above ZA, where being turned round, they raiſe the beam FF, 373. 
either by a rope going from it, or by blocks and pullies,”” 7 ©. © 


HRK is a large organ; HIHthe ſound board ; this is compo- 313. 
ſed of two boards; the upper bvard, or cover HHH; and the un- Ye 
der one III, which is far thicker than the upper one; each of 
theſe is made of ſeveral planks laid edge-ways together, and 
joined very cloſe ; in the under fide of the under board, there 
are ſeveral channels made, running in direction LL, MM., Sc. 
continued ſo far, as is the number of ſtops in the organ, and 
coming almoſt to the edge HK; theſe channels are covered over 
very cloſe, with leather or-parchment all the way, except a hole 5 
which is commonly at the fore end next HK, upon which a 
valve or puff is placed; theſe channels are called partitions; 
when this flap or valve is ſhut, it keeps out the air, and admits 
it when open; on the upper fide of the under board, there are 
likewiſe cut ſeveral broad, ſquare gutters, or channels, lying croſs 
the former, but not ſo deep as to reach them ; theſe he in di- 
rection LN, PQ, Sc. And to fit theſe channels, there are as 
many wooden /{iders or e J, Þ , Sc. running the whole 

length; and theſe may be drawn in or out, at pleaſure; the 
number of theſe is the ſame as the number of ſtops in the organ. 

IKKK the wind cheſt ; this is a ſquare box, fixed cloſe to the 
under fide of the under board, and made air tight, ſo that no 
air can get out, but what goes through the val ves, along the 
partitions. oy 225 8 ge 

V, V are the valves or puffs which open into the wind cheſt; 
and are all encloſed in it, and may be placed in any part of it, as 
occaſion requires; one of theſe valves with the ſpring that ſhuts 
it, and wire that opens it, is repreſented apart, on the left nhand. 

D, E, F, Sc. are the keys on which the fingers are laid, 
when the organ plays; theſe keys lie over the horizontal bar 
of wood V, in which are ſtuck as many wire pins ⁊, , on 
which the keys are put; and the keys move up and down upon 
this bar, as a center; 3 is another bar, againſt which the keys 
fall when put down; on this alſo, are ſeveral wires, going through 
the keys to guide them; and on this bat a liſt is faſtened, to 
hinder the knocking of the keys againſt it. Nees | 

Now the keys are made to communicate with the valves ſeve- 
ral ways, as I ſhall now deſcribe; 3, 5, 5, are the key rollers, 
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Ab E SC RI ON or 1; 


x 1.G, moving on the pivots 7, 1; theſe rollers lie horizontally one 


above another, and one at the end of another, of ſuch a length, 
as to reach from the yalve to the key; a, a, a, arms or levers. 
fixed to the key rollers ; wv, wv the valve wires fixed to the arms 
a, a, and to the valves V, and going through the holes h, h, in 


the bottom of the wind cheſt; 3, 5, b, arms fixed likewiſe to 


the key rollers ;. d, d, d, the key wires, fixed to the arms l, l, 


and to the keys C D, E; now putting down the end of any 
of the keys C, D, E, it pulls down the arm 4, by the wire d, 
hich turns the roller 5s about, with the arm a, which pulls 
> ee the wire w, which opens the valve, which is ſhut by the 
ſpring, as ſoon as the key 1s let go; in this conſtruction, there 
muſt be a worm-ſpring faſtened to the key, and to the bar /, 
on the further ſide, to keep the end 5 of the key down. 
Another method of opening the valves is this ; xy, xy, are 
flender levers moveable upon the centres 1, 1; 5x, 5x arc 
wires going from the far ends of the keys, to the ends x of the 
levers; , „/, other wires reaching from the ends y, of the 
levers, through the holes b, to the valves /; ſo that putting 
down the key, C, D, Sc. raiſes the end 5, which thruſts up the 


— 


end x of the lever, by the wire 5x : this depreſſes the end) 


of the lever, which pulls down the wire „/, and opens the 
valve V. | 

A third way of opening the valves is this : at the end of the 
key 6, is a lever 8, 9, moving upon the centre 7, this with 
the key makes a compound lever; from the end , there is a 
wire goes to the valve; now putting down the end 6 of the 
key, raiſes the end 8, which depreſſes the end 9 of the lever 
8, 9, and pulls down the wire, and opens the valve. I have 
only drawn one of theſe in the ſcheme, and but a few of the 
others, to avoid confuſion. > Gs 

R, R are the rollers to move the fliders, by help of the arms 
cf, cf, which are fixed horizontally in theſe rollers ; ke, ke are 
levers alſo fixed in the vollers; /e, le are the handles, which 
he horizontally, and paſs through the holes /, ; and are faſten- 
ed to the lever ke, being moveable about a joint at e. 

Now any handle /p being drawn out, pulls the end e towards 
4 which turns Rk about, along with the arm cf; and the end 


pulls out the ſlider fz; and when p is thruſt in, the arm f 
' likewiſe thruſts in the ſlider g. 


Upon all the ſeveral rows of holes which appear on the top 
of the upper board, are ſet upright ſo many rows of pipes; A 
is a flute pipe of wood, 4 a fiute pipe of metal, Y a trumpet pm 
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of metal; che pipes paſs through holes made in boards, placed » 1 O, 


above the upper board, to keep them from falling. 

The pipes are made to communicate with the wind cheſt after 
this manner, when any flider fg is drawn out, holes are bored 
through the upper board, through the ſlider, and through the 
under board, into the partition below, ſo that any pipes, placed 
upon theſe holes, will then communicate with the partition, 
which, by its valve, communicates with the wind cheſt; but 
when the ſlider is thruſt in, the holes in the ſlider do not ſtand 
againſt the holes in the upper and under boards, and the com- 
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munication is ſtopped, ſo that no wind can get to the pipe: 


T, T are the bellows, which muſt be two at leaſt; 9,4 the 
wings; O, O the handles, moving upon the fixed axes n, un; 
each of theſe bellows conſiſt of two boards; the under board 
is fixed immoveable; in this there is a valve 7 opening inwards, 
and a tube leading to it, called the conveying tube; there is alſo 
a hole in this under board, from which a tube leads to the porta 
vent, which is a ſquare tube 24, rifing upwards, and is inſerted 
into the under fide of the wind cheſt at 2; and in the tube 


leading to the port vent, there is a valve which opens towards 


the portvent, -which ſuffers the air to go up the port vent, but 
none to return; all the bellows are conſtructed after the ſame 
manner; now the handle O being put down, raiſes the upper 
board T, and the air enters through the valve 7; and when the 
handle is let go, the weight of the upper board T, (which car- 
ries 3 or Alb. to every ſquare foot) continually deſcending, 
drives the air through the portvent to the ſound board ; and 
as one pair of bellows at leaſt is always deſcending, ſince they 
work alternately, there will be a conſtant blaſt through the 
Port vent. Bhs, ; | | 

In chamber organs, there is but one pair of bellows, which 
conſiſts of 3 boards in nature of a ſmith's bellows, and fo has 
a continual blaſt. EY ws a 

All the inner work is hid from ſight, by the face of the in- 
ſtrument ſtanding upon 36. | | 5 Euaky 

As many partitions LL, MM, Sc. as there are in the ſound 


| board; fo many valves J, V, rollers 5, 5, or elſe ſo many le- 


vers xy, or 89, and their wires; and that is juſt as many as there 


are keys A, B, C, D, Sc. and there are generally 61 keys, 
with flats and ſharps, reaching from G to G, the compaſs of 
5 octaves ; but the ſcheme could not contain them all; like= 
Wiſe there are as many handles /, J, Sc. rollers, R, R, Sc. flid- 
ers f, f, c. as there are different ſtops upon the organ; and 
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it muſt be obſerved, that, between the ſliders /, /, c. there are 
as many ſliders on the right hand; and the ſame number of 
handles and rollers, which cannot be expreſſed in this ſcheme; 
and other rows of pipes placed between LN, PQ, Sc. and 
towards the middle of the organ, the leaſt pipes are placed, and 
the leaſt partitions, the greateſt being on the outſide, 5855 
There are many ſtops in ſome organs, but generally 10 or 1g 
on each hand ; theſe are ſome of them, diapaſon, principal, fif. 
teenth, twelfth; tearce, cornet, trumpet, French horn, vox hu- 
mana, flute, baſſoon, cremona, &c. and a contrivance to ſwell 
the notes of ſome of the ſtops. SE” | 
When this noble inſtrument is to be played upon, put down 
the handle O of the bellows, this raiſes the upper board 7, and 
cauſes the air to enter in at the valve r, then that handle be- 
ing let go, the other handle O is put down; during this time, 
the board T of the firſt deſcending, and ſhutting the valve x, 
drives the air through the other valve, up the portvent into the 
wind cheſt, then drawing out any handle, as the flute ſtop p!, 
this draws out the ſlider g, and all the pipes in the ſet LN are 
ready to play as ſoon as the keys C, D, E, Sc. are put down; 
therefore putting down the key D, by laying the finger upon 
it, opens the correſpondent valve , and the air enters through 
it, into the pipe A, and makes it ſound. In the ſame manner, 
any other pipe, in the ſet LX will ſound, when its key is put 
down; but no pipe in any other ſet PQ will ſpeak, (becauſe 
the communication is ſtopt,) till its ſlider f is drawn out by the 
correſponding handle /. 8 
Pipes are made either of wood or metal, ſome have mouths 
like-flutes, others have reeds; the ſmalleſt pipes are made of 
tin, or of tin and lead; the ſound of wooden and leaden pipes 
is foft ; ſhort pipes are open, and the long ones are ſtopt ; the 
mouths of large ſquare wooden pipes are ſtopt with valves of 
leather. Metal pipes have a little ear on each ſide of the mouth, 
to tune them, by — it a little in or out. Whatever note 


o 


-any open pipe ſounds, when the mouth is ſtopt it will ſound an 


octave lower ; and a pipe of twice its capacity will ſound an 

octave lower. | = n 
It will not, I think, be foreign to my deſign, if I give a ſhort 

account of the method of tuning organs, or harpſichords: but I 


muſt firſt premiſe ſomething concerning the ſcale of muſic. It 


is known, from undoubted experiments, that if AL be a ſtring 
of a muſical inſtrument, and if the ſtring be ſtopt ſucceſſively at 
V. 5, 2, P, o, and 4, 4, +, +, + of it be made to vibrate, - 
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ſound an eighth, a fifth, a fourth, a greater third, and a leſſer r 1 6. 
third, reſpectively. . Fe a 314. 
Now as the difference between the fourth and fifth is account- 
ed a whole tone, whereof there are 6 to make up the octave; 
therefore we ſhall have - — 4, or -- for the difference of the 
ſtrings, that are to ſound a note one above the other, whereof the 
greater is ; conſequently if the ſtring is 1, that difference 
would be 4; therefore + of any ſtring will ſound a note higher, 
and + of this ſecond would found 2 notes higher than the 
firſt, and 4 of this third would ſound 3 notes higher than the 
firſt, Sc.; and this being 6 times repeated to make up an 
octave, we ſhall have RX NXT XEXEX+==+S, as it 
would be if this note was exact, but that product is leſs, being 
but .4933; and therefore 4 is too ſmall, and 4 too great for 
a tone; and 6 of theſe notes do not exactly make up the oc- 
tave. | PAPA 
After the ſame way, if we take the difference between the 
fourth and leſſer third for a whole tone (4+ — +), we ſhall get + 
of the ſtring for a whole note, but this will be found to be too 
great, being. 5314 inſtead of. 5; therefore ½ is too ſmall for 
4 note, ; 5 
If we try by half notes, we ſhall ſtill be no better. The leſſer 
third, the greater third, and the fourth differ by half a note; of 
which there ought to be twelve in the octave. In the former 
caſe we get 2+ for the length of the ſtring, in the latter 4, and 
Ar or A for the length of half a note. Ihe firſt is far too little, 
and the latter as much too big. 
As none of theſe notes or half notes will make up an oc- 
tave, ſo neither will any number of thirds, fourths, or fifths, 
make one or more octaves. A leſſer third contains 3, a greater 
third 4, a fourth 5, and a fifth 7 half notes; therefore 4 
lefſer thirds, or 3 greater thirds make an octave; and 12 
tourths ſhould make 5 octaves, and 12 fifths 7 octaves, But 
if this was ſo, then we ſhould have +] + = +, +)* == 4, and 
ne — (that is TI ½ == 4), and 4/2 ; but never a 
one of theſe is ſo; and hence we may conclude, that no Jeale, 
made up of theſe notes, or half notes, or any combinations of 
them, or of thirds or fifths, &c. can be perfectly exact. 
Now to contrive a ſcale to anſwer as near as poſſible all the 
requiſites, let AL, Am, An, Ao, &c. to AY or + AL, be 13 
geometrical proportionals ; then theſe ſtrings AL, Am, An, 
Sc. will ſound all the half notes in the octave, gradually aſ- 
I cending. 
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[ 0 314. Ao, Sc. being ſo many mean proportionals between 1 and 2, 1 
g | will be found as ſet down in the following table. * ; 
| ſ TI TEIN — t 
ö Ie notes equally pure con- | 
cords. Arings. | aſc » . 1 ords, errors. ; 
| ground | AL | 1.00000. | 1.00000 | ©_ , 
b ſecoud | Am 294387 
+: ſecond An | 89090 4 E 2 
lef. third . ee 84090 83333 > t 
47- third | Ip 7937 |, 80000 | #r+ | | 
fourth | Ap __|__.:74915_ 275000 | tat | 
+ fourth Ar = JOJTEH: $ 45.50 0 [in nee F 
hifth A. 66742666661 t 
leſ. fixth | Al 62996 62500 22 t 
- or. ſixth | Au .c9460 - | \ -60000 | #5 
bJeventh | Aw 561723 N 1 
# /eventh| Ax 52973 104 | 4 | 
| eight | AY | + COOOO » FOOOO 55 * 7 


In this table, the 3d column ſhews the lengths of the vibrat- 
ing ſtring, when the ſcale aſcends by equal degrees of ſound, 
or when all the half notes are equal. TOs 
The ꝗth column ſhews the length of the ſtring to ſound the 
pure concords. | 

The laſt column relates only to the concords, and ſhews the 
error of the 3d col. expreſſing what part of a whole tone it is, 
and whether it is below (expreſſed by 4) or above (by ). By 
this col. we can judge how the ſcale in the 3d col. will perform; 
and theſe errors are found by comparing the 3d and 4th col. 
together; as, ſuppoſe you would know what it is in the fifth 
we ſhall have 66742 66666 76, and 70711—62996==7715, 
which repreſents a tone in that place; then +3£+ or 424 18 the 
error, which is but the hundredeth part of a whole tone; and as 
the number in the 3d col. is greater, it ſhews, that by this ſcale, 
the fifth is flatter than it ought to be; and ſo are the reſt of the 
errors found out and examined. er OY 

Now it is evident, that the error in a fifth or a fourth-is quite 
inſenſible in practice ; but the thirds and ſixths ſuffer the moſt, 
being in ſome but the 1 3th part of a note, which perhaps may 
be ſenſible to a good ear; but then it will not be ſo perceptible. 


in a third as it would be in a fifth, becauſe a third is leſs * 
c 


— 


. 
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fect than a fiſth; and the ſweeter the cord, che more eaſily is an 4 Ge 
imperfection diſcavered: Now although theſe trifling errors 314. 


will take away ſomething from the ſweetneſs of the harmony, 
and will hinder the ſcale from being abſolutely perfect, yet 
there is no remedy for it, but what is worſe than the diſeaſe, 

As to the tuning this inſtrument, it is plain that the notes 
ought not to be tuned by perfect fifths, for the upper note will 
always be the hundredth part of a note too high; and ſince one 
muſt take 12 fifths, before he can come at the ſame note again, 
whence he ſet off, there will at laſt be an error of n or 4 of 
a note, Which is very diſcoverable in a fifth. The method. 
therefore to be taken, is, to make the upper note a very little 
fatter than a perfect fifth, by firſt tuning it perfect, and then 
lowering it a ſmall matter, but not ſo much as to offend the ear. 
And after you have thus gone through the octave, if you find 
the laſt note either too high or too low ; begin anew, and alter 
them all a little, according to your judgment, till the laſt does 
agree; but this judgment is to be attained principally by prac- 
tice, Upon the firſt octave being rightly tuned, all the reſt 
depend, and therefore one ought to be very exact in it; for in 
all the reſt there is nothing to do but to take the eighths above 
and below. And you ought to begin to tune about the middle 
of the inſtrument. | 5 

Thoſe that tune by thirds, ought to take the upper note of 
the greater third, as ſharp as the ear will bear; and leſſer 
thirds ſhould be taken as flat as they may. 

Moſt people in tuning take ſome of the fifths perfect, and 
leave others imperſect; which they call bearing notes; but 
this is attended with great inconvenience; for the muſic ought 
to be ſo ſet, that no fifth ought to fall on any of theſe bearing 
notes, which inſtead of being a perfect concord, will be no 
better than a diſcord, ſince the error in theſe bearing notes is 
very great; for if there is but one, in an octave, its error is 
+ of a note, if two of them, and both alike, r of a note. Now 
if theſe people be ſo nice as to diſtinguiſh ++ part of a note, 
much more would they be offended at + or -; and always to 
avoid taking the fifths upon theſe notes, when they come natu- 
rally inthe way, would be cramping; and even ſpoiling the mukic ; 
and another diſadvantage would ariſe, that a piece of muſic 
could not be tranſpoſed upon any key at pleaſure, whatever need 
there might be for it, but muſt be tied down to a very few ; 
and if this method could cure, in any meaſure, the errors of 
the fifths; yet it would not at all mend thoſe of the thirds, which 
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F 1 C. are far greater; and if any one third ſhould happen to be bet. 
314. tered, it is certain that others will be made as much worſe, and 


will be turned into diſcords. | 

Some that like not the zguibarmonic or iſotonic ſcale, above de- 
ſcribed, would compoſe a ſcale of ſeveral forts of tones and 
ſemi-tones, as 4, ps, and . Ie, rs Nr, 25, Oc. but what end 
can this anſwer ? It is very eaſy toſhew, that if ſome cords may 
be taken perfect, others will be miſerably bad, and degenerate 
into diſcords ; but this ſcheme ſeems to be built only upon the 
conſideration of abſtract numbers; for it regards only this, how 
to make ſeveral fractional quantities : reſolve themſelves into 
others more fimple, by multiplication ; which is a thing of no 
manner of uſe in muſic. gt: | 
Others, to avoid the badneſs of the cords which fall in ſome 
places, have invented quarter notes, which make the muſic e- 
tremely hard to play ; and is, befides, far from anſwering the 
end propoſed : therefore, upon the whole, I cannot but think 
the ſcale above deſcribed to be the beſt for practice. For fo 
ſmall an error as +; of a note in a fifth, and every where the 
ſame, cannot be ſenfible, or do much hurt to the muſic. And 
I will venture to ſay, that the very alteration of the weather, in 
24 hours time, by heat or cold, drought or moiſture, will have 
ſuch an effect upon either ſtrings or pipes, as to cauſe a greater 
difference than this amounts to. There are imperfections in 
every thing, which we cannot quite take away ; all we can do, 
is to make them as little as poſſible. 


More examples of the conſtruction of engines might here be 
added; but as there is ſuch an infinite variety in the world, 
it would be an endleſs taſk to deſcribe all the kinds of them: 


therefore I think it needleſs to produce any more, eſpecially, | 


ſince their conſtruction and uſe depend upon the ſame princi- 
ples as theſe already deſcribed. And if the reader does but 
thoroughly underſtand the powers and forces of theſe before 
mentioned, he cannot be at a loſs to find out the powers, 
forces, or motions, of any other machine, though never ſo 


compounded. 
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ti PUMP, a machine to draw the air out of n « gl. 
Fig. 277. 


— 4 inclination, is the angle an inclined plane makes with 
the horizon. 


—— traction, the angle which fie direction of a power makes 
with an inclined plane. 

Aqueduct, an yr river or tube to convey water. 

Arbor, the axle or ſpindle of a wheel. Fig. 185. ef. 


| Ajutage, the ſpout for a jet Fray in a fountain. mn OO 

: Amplitude, the diſtance a ball is ſhot to. 

1 a machine for ſhewing the point of the wind. 80 
g. 25 

J Angle of RN ther is the angle which the line of direction of | 

a power makes with the lever it acts upon. wh 

r 

n 


4 Arch, a hollow wall, made of a circular Im, 50 ſupport 

, building. * 
15 Areometer, an ans to 1 the weight of liquors. © 
P | Arm, any piece of timber or metal that projects horizonralh 


from ſorne'part of a machine. 
Axle, or Axis, the line or ſpindle about which a whed turns 
round. Fig. 185. . 


Axis in peritrochio, a machine for raiſi weights, conſiſting of 
a wheel, * upon a cylinder ws. — 


3 f W 


Hance, a machines weigh e i; neo th a. 
powers. Fig. 188. - 
Balance wheel, / the f'cr penulun of © watch. * 
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EXPLANATION or TERMS. 


Barometer, a machine to ſhew the weight of the. air or atmo. 
ſphere. See Fig. 218. 


1 the ſame as barometer ; a weather-glaſs. 


Barrel of a zabeel, is the axle, or. indien body, "MY which 


the rope goes. 
—— of a pump, is the hollow part of the pump where the 


piſton works. 


Bars, ſtraight pleces of timber or. metal, that run croſs from 


one of a machine to another. 
Baſe, the foot of a pillar. 
Baſil, chat angle the edge of a tool is ground to. 
Batten, a piece of timber three or four inches broad, and an 
inch thick. 
Ta battery, to lean r \& ; 
Balk, a long piece of timber. 
Beak, the crooked end of a piece of iron to hold 1 faſt, 
Beam, a large piece of timber lying acroſs any place. 
Beetle, a; wooden inſtrument, or mallet, for driving piles. 
Bevil, any angle that is not right; an oblique angle. 
Block, a lump of wood. 8 3 
Blocks, pieces of wood in which the ſheevers or * rum, wa 
through which the ropes go. Eg. 42+ 4. B. 
Bolts, large iron pins. i 


Bond, the faſtening ſeveral pieces of timber together, ciber by 


'mortiſe and tenon, dovetailing, c. 
Brace, a piece of timber fixed Wee into others, 0 
them from moving any Way. 
7 8 the checks of the al of a mortar z Derampity 
; to ſtay timber work; all ys ler. Unger a ſhelf u» 4 


paris. having no broad. heads. . * TO „ 8 
ridge, any horizontal beam, Sc. chat 3 xt bereue 
Butmen!s,, thoſe: on which, the, feet ol ee arches. ſtands * 
Butt reſs, a 85 0 . wall = t ſtands n he aride e 
cher wall to ſup « 70? 8 1tle ot $ (St . 
3 „ WT r 8 


*% «˖·· + 7 6 
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Gates a machine on board 2 hip. to hoiſe the maſts, or me 

* weight. Fig. 248. 1901597 re . 
de, a fall of water. reo 

ice, n fall. A nods 2 river, 


2 is a 


. through high rocks, cauſing}. the water to fall with a great 
noiſe and force. . 
, 
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EX PLANATION or TERMS. 


Catch; ſore ſmall Res machine; which, in ite motion, 


— hooks or lays of ſome other part to ſtop it. 


Centre of motion, the point about which a body moves. 


— — „ gravity, the point upon which a dea weg ſulpended 
it will reſt in any poſition. 


—— of magnitude,” a point equidiſtant from the oppoſite ex 


tremes of a body ; the middle. 
—— of 88 the 0 8 of 4 ine body that gives 12 


— . the Rt 0 as the centre of gravity. See 
— Fa 5 p. 133, 134, and 145. JF & 


Centre pin, a pin about which, as a centre, a body moves. 

Chain pump, a pump having ſeveral buckets fixed to an endleſs 

chain, which goes through it, and is moved round upon an 
axle. Fig. 254. 

Chaps, two ſides of a machine which take hold of any thing. 

Cheeks two upright parts of a machine, anſ wering to one ano- 
ther in 2 and uſe. N 

Chronoſcope, a pendulum to meaſure time. 

Clack, a-ſort- of valve which is flat, like a board, ſerving. ro. 
ſtop a fluid from running out. Fig: 268. Ta flap. 

Clampt, when the edges of two. pieces of boards are joined to- 
gether, ſo as the grain of one * lye croſs the A of the 
other. 

Claſp, a ſort of buckle to faſten any thing. 

Claſp nails, thofe with little heads to fink into the wood. 

Claws, ſlender crooked pieces of metal in a machine, which 
ſerve to move or hold any thing; long teeth. 

To Clench, or Clinch, to double back the end of a. nail, char it- 
may not draw out again ; to rivet. 
Clench nails, nails that may be clinched. | | | 

Cick, a braſs ſpout to let a fluid run out, or ſtop it bz turni 

Cops, the woes teeth of a great wheel. tpi 85. 55 4, 5 


C:g-wheel, a large wheel made of timber, where the teeth ſtand | 


perpendicular to the plane of the wheel: Fig: 185. CD. 


Gllar, a ring of metal that goes Won, near — 
in which it turns round. 


Clumn, the ſhaft or trunk of a pillar. ks 

Cintrate-wheel. a wheel in a clock; where the week are 
to che axis, and ſtand on the: under fide of the rim. 

Girbel, a piece of timber, or ſtone, {et under another * 
diſcharge die weigh. 
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EXPLANATION or TERMS. 


| ab) a ſmall capſtan vin three Wa to be placed on the 
Send, moveable from one plane to another. This is call. 
ed a flying capſtan. 


Craue, a machine for hoiting goods our of a ſhip, or for nig 


timber or ſtone. Fig. 233. 
Crank, that part of an iron axis which | is turned ſquare with an 
elbow. Fig: 238. II. 
Croſs-tree, a horizontal beam fixed acroſs anather. | 
Crow, a ſtrong ſquare bar of iron, forked at the end, to remove 
heavy timber, Sc. by uſing it with the hands. 
Crown-wbeel, in a clock or watch, is that next the balance; its 
teeth ſtand in the PPE fide of the rim, and not in the edge. 
Fig. 166. FG. 
Cupola, a hollow arched tower, in ook of a — or 
a bowl turned upſide down. 


- D 
. 


Def ty, - a greater or leſſer quantity of matter contained in a 

ven ſpace. 

Detents, axe thoſe ſtops, which being lifted up, the clock ſtrikes 
and falling down ſhe ſtops. 

Dog nails, nails uſed for faſtening hinges. 

Dome, a round vaulted roof or tower ; a cupola. | 

Dormant, a great beam lying croſs a houſe ; a ſummer. 

Dormer, a window in the roof of a houſe. 

Dovetailing, letting one piece of timber into another, with a 
Joint in form of a dove's tail, being broader at the end, that 
it may not draw out again. | | 

Drum, the lantern or trundle which is carried by a great wheel, 
Fig. 266. EF. 

Drum- bead, a timber head, or lump of nber in formof a drum. 


E. 


Eleing the outſide or border. orgs 
Endleſs chain, a chain. with the ends joined rogether, by which 
any part of a machine is wrought. ; 
Endleſs ſerew, a ſcrew working in the teeth of C wheel, which 

may be turned about for ever. Fig. 1 
Eng ne, a mechanical inſtrument compoſed of "heck, levers 
ng 3 
Er pile, a hollow globe of metal, fille l with water, and . in 


TS &H 


the ire the hen and vapour lthex our a ſal] Hole ith 
a great noiſe. Fig. 264 1 


„ the equality of weight, of tuo or more bodies, Sc. | 


one another at reſt. 


is put. 


He, 1 ol a machine e which any ing | 


Face, wt front or foreſide of a machine, or of fome principal 
part of it. 

Fang, ſome ſmall piece of wa like a long rooth, that by its 
motion moves ſome other | n 


Fellies, pieces of wood on n the outſide of a wheel, which {make 


rim. 


» 


Ferrule, a ſort of 


Floats, the flat boards ſet ne on the edge of a wi 


l 


wheel, by which the water drives the wheel about. Fi * 


236. D, D. 


Fly, that part in a clock, Ge. that regulates the motion, and 


makes it uniform. Fig. 168, 169, 170. 

Force, any thing that acts upon a body to put it in motion. 

Force pump, a pump that diſcharges water by preſſing it up- 
wards. Fg. 267, 268. | 

Frame, the outwork of any machine, or what holds all the reſt 
together. 

Free, clear of all impediment. 

Friion, the reſiſtance that bodies have by rubbing 5 one 
another.. 

* that which 1 a lever in moving any _ 

. EEE, 
Gain, the levelling ſhoulder of a joiſt or other timber. 


Gin, a machine to raiſe great weights. Fig. 257. 
Gravity, the wg. 7 of bodies. 


— ſpecific, by this one body * more or leſs chan kno- 


ther of the ſame bulk. 
—— relative, is the weight of a body in a fluid, or on an 


inclined plane. 
Groove, a 3 cut in wood or ſtone. 


Gudgeons, the eyes in the ſtern of a pr which the rudder 
hangs, The centre of an axle. 


Oyration a whirling round, 


He d. | 


LEE 


BEPLANATION or TERMS. | 


Hind, an fide, or pointer. 1 1 EY 1 88. 
an 3 to take hold o t 
ae aſpike, a Coden lever to be uſed VR, ibs by in 1 


thipg · 0 v1 5 
Hal the — Dart of any thing: „ 
Hem, the 55 of ſome cloth turned down and ſewed. 
Hinge, an iron joint on which'a door turns, &c. 

Jo Hitch, to catch hold on, with a hook or dum OE. SIOND 

To Hoiſe, or hoiſt, to heave up, or raiſe by force. | 

Hook, pins, . taper iron ping with a hook head, by; which they 1 
ſtruck out again: they ſerve to pin the frame of a wal 7 


floar together till wrqught off. 


| Hoop, a circular ring to put about any thing, to keep i it falt. 


Hydraulics, the art of er ines for water-works. 
2 an inſtrument to meaſure the denſity of fluids, . 


an api, a ſcience teaching the weights, preſſures, matiops 
and properties of flui 
Hydroſtatical balance, an inſirument for finding the ſpecibc 
gravity of bodies. | 
Hygrometer, } an inſtrument for meaſuring the moiſtureand dry- 
1 45190 * neſs of the air. Fig. 265. | 


1 


Jack, an engine to lift up a loaded cart, or thi roof of a i hail 
Sc. See Hg. 249. Alſo an engine to roaſt meat. Eg. 2 5. 

Fack 1 Abe e ee : 

Fam r poſts, or w ndow poſts, Sc. „„ 

Jes dieau, the pipe of a fountain, which ſpouts up water into 
the air. Fig. 287. , 

Impetus, any blow or force wherewith one body ſtrikes, or iy 

s another. 


Joint, the qi where one part is fixed i into another, or moves 


about it. 
Foiſts, thoſe pieces of timber framed into the dormant, in 2 
N and on which the boards of the floor are laid. 


« 0 Wers 
Keys, ſtones 8 to bind the fivceps a. 


Kenk, a ſnarle, or little turn upon a rope that it aner run. 


Knee, a crooked or angular branch of timber. 


Lantern 


EXPLANSTLON' & TEENS 
Lantern, tar part which is moved by the e cogs of a great whel}, 


acting againſt the ſpindles or rounds, T he drum. Fig. 266. 


EF. 
Laich, that which faſtens a door, Se. ack > ont 
Lever, a bar of iron or wood to II ; one of of the me- 

chanic power s. 3 SED bs ary 
Leaves, the teeth of a pinion. zg. 185+ ce c. e 
Ledge, a flat border or plain, adjoining to a 7 9 
Level, an inſtrument to place any thing borizonkal. 


Lach /'n, à pin that keeps a wheel from coming, off i its — 
Lip, à thin edge turned hollow. 


Loop, a piece of metal having a a hole i in the end, which goes ove 
1 1 A N in a * ay: wilh flip. | 


"1 = * 1 x - 1 * 


M 


Michi 1, 2 . inſtrument for moving Ladies, 


M chanics, à ſcience that teaches the principles of motion, 8. | 


conſtruction of engines, to move great weights. 

"cog powers, are theſe ſix : the balance, lever, wheel, pul- 
toy, (crew, and wedge ; and, according to ſome, the inclined 
plane. £ 

Maire, an angle of 4 45 degrees, or half a right one. An half 
mitre is a quarter of a right angle. 

Momentum, quantity of motion; or, the force or power a, body 
in motion has to move another. 


Mortiſe, a ſquare hole cut in a piece of ſtuff, to receive the ten- 


non. 

Motion, is the ſucceſſive change of place of a body ; J or ERIN 
ing from one place to another. _ 1. 
Moving force, any active force or power that moves a A 
Moub, ning: Mens or parts of a machine that take hold a of 

trance into any cavity. | 
Mæve, or n 10 block in * miadle of 4 wed, 
Neck, a near the end, cut ſmall. 28 
Netch, a dent, nick, 6 fllt made in any thi 
Nu, the” pinion of a "weed. Fig. 185. AB. 4 der pics 
o metal going upon che end of A few nall; 
5 Oſcillation, 


1 & 3 6. » 
1 Þ * 
_ s T&- a” ST 4 c 


| 
| 
| 
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Pini, a little wheel at one end of the f Ipindle, conſiſting but 


EXPLANATION, 07, TERMS. 
0. 


ee, the videaion or ſuinging of « pendulum 


p. 
Paddles, a ſort of cars.” The ladle-boards on the edge of 
wWaker-Wheel. 


Ped:ſtal, the baſe or une part of a pillar. 
Peers, or Piers, a fort of buttreſſes, for ſupport and 8 


Peg, a pin to go into à hole. 


Pendulum, a weight hung bya ſtring or wire, ſwinging back and 
forward to meaſure time. - ' 

Penflock, the ſluice or door that opens or ſnuts the Paſſage id 
the water to a water-wt | 
Pereuſſion, the ſtriking of one body again atccher. _ 
Peſile, a long piece 0 of wood or metal, which riſes up and falls 

down . to beat or bruiſe ſomething. 
Pevets, or Pivots, the ends of the ſpindle of a wheel i in a clock 
or any machine, which play in tie 
Pont boles, the holes in which the ends of: a fpindle or axle of 
a wheel turn. Hg. 185. e, f. 


Pictet, a ſtake pointed with iron, to drive into the ground. 


Pillar, a perpendicular column ſupporting one end of an 
arch, Sc. 


of a few leaves or teeth. Fig. 185. A 

Piftou, a round piece of wood moving up and down within the 
body of a pump, to draw up the water. | 

Plare, a piece of timber, on which ſome heavy work is framed, 
- as wall-plate, Sc. A flat piece of metal. . 


p Phenmatics, 2 ſcience teaching the properties of rhe ur. 


Pole, a long ſtaff, or ſlender piece of wood. | 

Poſt, a perpendicular or upright beam of wood. 

Power, the force applied to an engine to raiſe any weight; or 
any force acting upon a body to move it. 

To Project, to jet out or hang over. 

Prajectiles, balls or any heavy bodies thrown into the air. 

Prop, a ſtay or N for any thing, to bear it up. 

Pulley, a ſmall wheel with a channel in the ed 5 it, moving 
about an axis fixed in a block; the channel is to receive 3 
rope that goes over it. One of the mechanic powers,” 


* n» water. N 204» —ütT ü 
Punchias 


„ Os . 
we g e 


2 SW LJ” oF 46 D191] 01 S482 70d) N 
| . 4 N. 180 ots N 6 
* the W or owhert in a chain! pum . fab en 
Rails, ſmall An of wood joined into others; thoſe pieces in- 

to which t s of doors, &c. are fitted. 8 
Rammer, an inſtru — for e W or + wo wh] into the 
| ground, or heating the earth. q 


Re the diſtance to which a ball! is hes 4 


Range, the dire@ion a ball is der in, from «piece e of ord- 


nance. 
To Range, to run ſtraight, or directly In a line. 
To Reeve, to paſs a rope through any hole. 


Return, the ſide that turns off from any piece of ſtrai ht wh: | 


Ribs, lender pieces of timber, ſerving for ſtrength an 8 
Reglets, little flat, thin, ſquare pieces of wood. 

Rim, the circular part or outſide of a wheel. 

To Rivet, to batter down the end of 'a nail, "any it draw 2 


again. 

Rod, a long ſlender piece of wood or metal. £43 

Rell, or mk an engine turned by a en to raiſe weights, 
fig- 24 

Rua 6 ſtaves or ſpindles i in a lanterh, again which the 


teeth of a great wheel work, fig. 266, Wies "Pm "I in 
a ladder, (9c. 


Ruler, a thin ſtraight piece of wood. 

Rungs, ſpindles or count, fig- 466; c, Co 

Runner, a flat circular ring, between the nave and linchpin of a 
wheel; Alſo afort of rope on e to hoiſt with. | 


eee ee 


Sails, large pieces of alin by which High windmills 05 
are carried by help of the wind. 

Scantlin, ſtuff cut to a proper ſize. 

Screw, one of the mechanic powers. The tap with the chica 
is the male ſcrew, the hollo ow that receives it, is the female 
Screw. © 

Scribing, drawing an N line upon one piece of ſtuff, pa- 


ralle] to the Aeguber ſide of another, with a pair of com- 


paſſes — to a oa: gy" and . along the me 
Oo 
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EXPLANATION, or TERMS. 


of it, then the wood, .in the firſt. e IG es 1 5 
bay, pieces will fit each other. | 

To Serze, to bind or faſten a ro Wan 

Shaft or ſhank, any long yu 0 an inſtrument, ſpecially chat is 
held with the hands. 


'7 


Shears, two poles ſet. up an end 3 * tied — 


top, and ſecured by a rope from falling ; their uſe bs 1 to 
_raiſe any weight by * of a block and tackle at top. 
Sheevers, pullies, the little wheels that run in * 15 a rope 
going over them. 


. Shelf}, a board; Se. fixed ae 


Sbeulder, a part of timber or metal, cut Atte than the ut 
in order to ſupport ſomething. Ws. 


| Shrouds, the ledges on the edge of a tered wheel. 


Sills, ſells, or groundſels, pieces of ti that lie on the grow | 
into which others are fixed. Sole trees. : 
Sipbon, a crooked glaſs tube for drawing off liquors, fe. 2 10 


Sleepers, pieces of timber laid as a foundation and ME for 
Others n are to lie upon them. 
Slings, theſe are made of a rope ſpliced with an eye at either end, 


to go overa caſk or ſome heavy thing, which is to be hoiſted. 

Snatch block, a great block with a ſheever in it, and a notch cut 
through one of the cheeks of it, to hitch the row into the 
pulley for readineſs. | 

Socket, a hollow. piece of metal, in which any thing moves. 

Sole, che bottom of the gutter or channel, in a guttered wheel. 

Sole tree, the loweſt piece of timber which ſies flat on the 
ground, into which the upper works are framed. * 
groundſel. : 

Spaniſb- burton, a ſort of tackle to hoiſt | like * 197. 5 

Spear, a long pointed iron, or piece o timber. | 

Specific gravity, is that whereby one body weighs more or leſs 
than another of the ſame magnitude. 

Spike, a pointed iron, or piece of wood. 

Spindle, the axle of a wheel, fig. 185. ef 

Spires, the turns of a rope about a cylinder or roller. | 

'To Splice, to join two ropes together by working the ſtrands i into 
one another. 

Spokes, pieces of wood running from the centre of a wheel to 
the circumference, like rays. 

Spring, an an inſtrument made of ſteel, that being bent, it conti- 
nually exerts a great force, that it may ——_ ſeit again. 
Springing plates are ſometimes made of braſs. 1 

Pur, 


EXPLANATION or TERMS. 
Spun, hrt of fop. ſer aflope to thruſt. r Ar N 


oy 


Spurs, long wooden teeth ſtanding in the 9585 2 a "is tim- | 


ber wheel, fig. 192. 4, a, 4. 

Spur-whbeel, a wooden wheel where the teeth ſtand in che edge 
of the rim, fig. 192, CD. | 

Staff, à ſtick or amal piece of wood. | 

Statics, a. part of mechanics, teaching th the motions s and proper- 

ties of heavy bodies. 

Stay, à piece of timber, or other thing, fixed'as a prop or ſup- 

port to ſome heavy body. 

Steelyard, an inſtrument to weigh tel, conſiſting of a long 
beam and moveable weight, fg. 190. 

Stock, the wooden part of a thing, and into which it is fixed. 

Stopple or ftopper, a plug that fits into a hole. | 

Stops, any ſmall ebe in a moving machine, that ſerve 8 
the motion. 


Strain, the ſtreſs or violence any thing ſuffers by a weight or 


force acting againſt it. 


Stroakes or ftrajks, the i iron going round. the circumference of 
carriage wheels. 


Stud, a , Or little button; a ſolid piece of metal 1 670 to 
a _ 


Stuff, any wood that joiners work upon. 1 e 
Swivel, a metal ring that turns about any way. | 
Syphon, the ſame as ſiphon, a crane, fig, 216. 

Orige, an inſtrument for injecting liquors into any _ 


T: | 
Tackles, TILE with pullies and ropes in them, to heave ub 
goods, fig. 196, 19). 
Tenon, the ſquare end of a picce of wood, made to fit. into . 
mortiſe hole. 
Thermometer, q an inftrument to ſhew the degrees of heat and 
Thermoſcope, j cold, fig. 270. 
Thread, the ſpiral ridge that goes winding round a ſcrew... 
Thruſt, the action againſt a body to puſh it n 
Tigbt, ſtiff, cloſe. is yd 
Tongue, a thin ſlender piece of metal in a machine. « aÞ 
Tool, an inſtrument to work with. 
Toth, the indented part on the edge of a wheel that moves s ſome 
other wheel, or what ſerves to cut, or take hold om. 
an overthwart beam in a bu ilding. 1 
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EXPLANATION. ox TERMS, 
. Triangle, an engine ſtanding on three legs, to raiſe weights with, 


F be part hah is carried bout b ets recth of; L wood. 
en wheel ; the lantern. or drum, fig. 2 66. EF 

Trunk, a hollow tube or box. | 

Tumbler, a part in a machine that rolls about upan an axis 

and plays back and forward. 

Tumbrel, a roller or cylindrical piece of wood. 

Tympanum, a kind of wheel placed on an axle, and — faves 
or rounds inſtead of teeth, and is carried about by a great 
wooden wheel; a trundle or drum, . 266. 5 10 


- F ; 
V * 4 ; 


Valve, a piece of wood, Ge. fo fitted into a hole, that i it open 
and lets a fluid paſs through one way, and ſhuts and ſtops 
it at the other, fig. 268. J. W. A ſucking valve is that where 
the water fol love the piſton; a forcing valve when it is 
driven through before it. 

Vane, a ſail, or fan, generally to ſhow the point of the wind. 

Velocity, an affection of motion, and is that by which a body 

paſſes over a certain ſpace in a given time; ſwiftneſs or 
celerity. 

Vibration, the moving or ſwinging of a pendulum back and 
forward. 

Vis inerlie, a property of body, by which it reſiſts any impreſſed 
force, and endeavours to continue in the ſame ſtate. 


3 £» » 


W. 


Wallower, a trundle upon a horizontal axis, fig. 257. F. 

Waterpoſe, an graph comp to try the ſtrength of liquors ; a hy- 

© drometer. 

Web, the thin broad part of an inſtrument, as the web of a key, 
Sc. 


Weage, an inſtrument to cleave. wood ; one of the mechanic 


wers. 
Weighs, the tendency of bodies downward ; the matter raiſed 
by an engine. 
Wheel, a machine conſiſting of an axis and a circular rim, with 
teeth in it, and then it is called a toothed wheel. 
21 Smooth, a wheel without teeth, turned by a 
Wheel and axle, a machine to raiſe we ghts; one of the me- 


chanic — fig. 30. "te, 


EXPLANATION or TERMS. 


Winch, an inſtrument with a crooked handle, to turn RY TOY 
about with. 

Winder, a winch or handle to wind ut. 

Windlaſs, a machine to raiſę great weights. On board a ſhip 
it ſerves to hoiſt the anchor. It'is an horizontal roller turned 
round by handſpikes. _ 

Windmill, a mill to grind corn, moved by the wind, 5. 266. 

Wing, a thin broad part that covers ſomething, or hangs over 
it; alſo what helps to give due motion to any thing, as the 
hands in a water-wheel ; a part of a ſail, &c. 

oh a ſpiral thread running round a 7 —_ a ſort 
of ſcrew. 


A LIST 
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Am PUMP, fe. 277. 
Arch for Bridges, fig. 307, 308 to 311. 


deſcribed in this Book. 


Artificial fountains, fig. 271, 285, 286, 287. 


Axis in peritrochio, fig. 30. 
Barometer, fig. 218. 
Bellows, fig. 246. 
by water, fig. 241, 242. 
Blowing wheel, fig. 284. 
Boats, fig. 199, 200. 
Bobgin, jg. 296. 

arts, ig. 201, 202. 
Cheeſe-preſs, jig. 189. 
Clock, fig. 302, 303. 
Coal gin, fig. 250, 257. 
Crab, or capſtan, fig. 248. 
Crane, fig. 192, 193. 
compound, fig. 298. 
Cutting engine, jig. 304. 
Endleſs ſcrew, fig. 43—193 


Engine to make a hammer ſtrike, fig. 236. 


to quench fire, fig. 275. 

———= for iron works, fig. 236, 237. 
| to ſhew the wind, fig. 253. 

for drawing water, fig. 299. 

at London bridge, fig. 281. 

Eolipile, fig. 264. 

Fire engine for coal pits, fig. 274, 293. 

Glazier's vice. fig. 305. 

Gunpowder mill, fig. 297. 

Horſe mill, fig. 294. 

Hydrometer > fig. 296. 


Hydroſtatic 


„ 
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Hydroſtatic bellows, fig. 259. | | | 
Hygroſcope, fig. 265. No | | 
Jack for roaſting meat, fig. 194, 258. 
for raiſing weights, fig. 249. 
Lifting ſtock, fig. 295. | 
Mouſe-traps, fig. 261, 262. 
Organ, fig. 313. 
Pile engines, fig. 245, 283. | 1 
Pullies and tackles, fig. 42, 230, 239, 247. 
Pumps, fig. 204, 238, 267, 268. | 
pump, fig- 254- 
Rollers, fg. 227, 242, 243, 244. 
Rolling-preſs, fig. 273- 
8 chariot, 2 234. 
wing engine, fig. 263. 
Scales, fig. 188. . 
| SCrew, fig. 3 „ 
Ship, fig. 27 . 
— ſwifteſt, fig. 301. 
Slitting mill, fig. 251. 
ES, AF 235 
Spinning wheel, fg. 191. 
Steelyard, fig. 190. 
— compound, fig. 288. 
Syphons, fig. 216, 256. 
Tantalus's cup, fig. 221. 
Thermometer, fig. 270. 
Triangle and tables, fig. 195. 
Twiſting mill, fig. 300. 
Waggons, fig. 213, 214. 
Walk mill, jp. 255. a 
Water-mills, fig. 260, 28 2, 306. 
Water-ſcrew, fig. 272. 
Weighing engine, fig. 312- 
Wiel fe. 2535 abs. 
ſmall, fig. 252. 


THE END. 


R. Noble, Printer, 
Old Bailey. 
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